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FOREWORD 


CE R. SCHARFF 2M. 


_ The Committee of the Power Division on ‘Depreciation began its Ww work j in 
1938 as a Sub- Committee of the ( on n Power Tt soon became 


Joint, Committee _on Depreciation. Committee was created under the 


and eight Divisions became affiliated with it a 


C. AL Farwell (City Planning Division) 

H. O. Locher (Construction Division) 


Edwin F. Wendt Economics Division) 


in its membership the following of Bociety: 


Minette R. Scharff | (Power Division) 
> B. Black (Sanitary Engineering Div a 
8. 8. Div ision) 


From time to time the Committee has undertaken to advance its | objectives b 
the preparation of a number of technical | papers on the | depreciation problem. 
: These have been circulated “among members of the Committee; but a convie 
tion has been grow ing that to advance a ‘program of detailed, technica il, and 
complex discussion is of little value unless the basic and simple ¢ ‘definition: 
underlying it have been established prev iously; that is, until a common lar 
_ guage has been outlined and an agreement has been reached | as to its funds 
‘mental characteristics; 
That is the central pu purpose this Symposium: To avoid _emph: asis: a 
4 tec shnical details and make a new beginning toward formulating a preliminary 
‘agreement o on . fundamentals, upon which, later, can be built a , sturdier “super 


-o 1 Cons. ‘Engr., New York, N. 
Ener. 
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7 RELATIONSHIP TO ) REGUL. 


SYNOPSIS 


; Ever s er since t e the adv ent 0 of the. active regulation of public utilities, the j problem 


of depreciation has been | and n now is in a very y confused state. 4 In an attempt : 


to find some satisfactory solution to the problem, a great deal of effort has been 


"spent by independent writers, public utilities, regulatory authorities. 


reports, and b books have been w ritten on the subject. 
Numerous concepts and methods o of depreci ation have been advanced, and p 

nt solutions advocated. The present situation might appear to 

be a mere battle of w ords, or a battle | over theories and definitions, which not. 
only fails to clarify the situation but, on the contrary, obscures the basic factors: 

n 


: 
that control th the probl m. 


rz. As a part of the > Symposium on Depreciation devoted toa consideration 


of th the fundamental aspects of ‘the 


formulas wa  delleiiiteen, Two current vw ‘iews on the problem are ‘examined 


and their relative merits” are discussed. One of these views is eon on the | 


so-called _age-lif life theory, and definitions resulting therefrom that ‘involve 


sumptions as to ‘the future or remaining lif life of property. view 


that hat depreciation cannot be m made to ‘suit a a definition, but — 


must truly ‘express: the of depreciation. 


preciation i in property as O 
that, fact, engineering and should us 


as it is employed in connection with the safety ceidile 
property, and selections of equipment. The writer favors latter view. 


‘he basic of this Symposium on depreciation has w isely limited 
to a consideration of the general aspects of the problem w with the aim m of ex- 
ploring the true character of depreciation: and the possibility of its measurement 
by engineering and scientific processes. E Engineers are interested as to the 
‘role that the profession should play i in helping to determine the proper treat- 
ment of this much discussed problem. 
most difficult aspects of the depreciation problem confronting public 
utilities today are those in connection with estimating depreciation for ac- 
‘counting and with determining depreciation f for rate-making purposes. “These 


difficulties ar arise from | certain existing facts, circumstances, and contentions, 


the more troublesome of which may be stated as follows: 


3 -—— Pennsylvania Water & Power Co., Baltimore, Md. 
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DEPRECIATION PROBLEMS 7 


(a) The earnings should be based 1 upon fair return on the fair as of 


property devoted to to public Servi ice. 
(6) It has been st suggested that depreci ation taking place within 1 any redal 
oft time is the difference in fair value at the beginning and end of the. period. 
or, (c) Some advocs ate specifically that public utility earnings should be limited 
to a “fair return” on the original cost less the balance in the depreci ation re- 
serve resulting from either the actual charges made or charges that should 
have e been made in the past ag against operating expense on an age-life m method of 
(d) Most. enterprises, including public utilities, pass through three stages 


aa during their economic : life—namely, (1) the development stage; (2) the normal 


a? ‘productive life stage; and (3) the declining stage. T he actual capacity of 
enterprises to make substantial provision for depreciation necessarily will often 
be more or less limited and difficult i in the first and third ‘stages and sometimes, 

by general business conditions, in the second. 


The is that the sums, how vever arrived af at, that 


operating expense 
numerous definitions of depreciation have been formulated, many of which are 
mere combinations of words that do not contribute tow ard a clarifi- 
cation of the problem. As a consequence, numerous s “concepts” have grown 
upw hich seem to have for their purpose the oes of some factual or 
real substance to the various definitions of depreciation. One of the pi present ; 
- problems is the formulation of a conception of depreciation that will afford a 
common understanding as to the true scope | and character of the problem. 
‘Such a concept should recognize that depreciation cannot be made | to suit 3 


- definition, but rather the definition must truly express the actualities oi 


The approach to a common “understanding of must, of neces- 


of a ifs old item of include certain de- 
‘ments, or the effects of certain causes, that would not properly be included in 
depreciation related to reproduction cost of old facilities in terms of modern 
property; and, ‘similarly, depreciation Telated 1 to original « cost may properly 


‘sured by engineering « or scientific methods with reasonable. accuracy, and that 

future life can be estimated with greater accuracy either by deducting from a 
= _Teasonable original aemeennte of life expectancy the elapsed | life of the property, 
or by some other. method. On the other hand, it has been claimed that the 

“effect of forces that cause depreciation are generally measurable re by engineering 

~ and scientific methods at any given time 1 with greater a accuracy cy and reliability 

than remaining li life can be estimated. 

If the assumptions on which the first group of concepts a are founded were 


correct, then in so ) far as proponents of of this group of concepts are concernes 
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ON (1941 EC ON PROBLEM! 

the problem resolves into an estimate of total life (present age plus r remaining 
and the application of mere arithmetical processes in the treatment 

“depreciation. — Since the present age e ordinarily may be ascertained, and since 
it is asserted that the necessary arithmetical processes are e available, the in- 
~~ part of the problem simply reduces to an estimate of the remaining 

life. Therefore, particular interest is attached to the methods dl which, and 

accuracy and | reliability with which, such life can be estimated. 
ak The future life of a any y element of property will be controlled by the combined 
action of those forces that cause depreciation—namely , physical - (wear and 
—— of the elements, ete. ); and functional (inadequacy, ob- 


share: 
(1) The price of economically feasible new facilities, which prices will be 


controlled by manufacturing methods and general pricelevel; = 
(2) Greater | efficiency, capacity, reliability, better operating characteristics, 
. Jess operating costs and hazards, or any other similar characteristics that may 
contribute to the justification of the replacement, of facilities; 
yx (3) The rate of grow th of the particular enterprise and of the territory or 

in which products: are sold or service is rendered. 

: ig Do not the same forces which control ret remaining life also control the amount _ 
of depreciation at any given time? However, is there not a very fundamental 
- difference between the problem of measuring depreciation and estimating future 
life eata given time? In | measuring: the depreciation existing at a given time, D. 
‘comparatively reliable bases are available or obtainable as to the extent to 

: which the f forces causing depreciation have already acted. In estimating future 
life, however, there i is little to serve as a guide as to when, and to what extent, 

- these forces may or may not act. . All estimates of future life involve un- 
“certainties and are assumptions, and the farther these estimates are extended 
the future, the less reliable they become. 

ed The assertion is frequently heard that future life of public utility property 
en can be estimated « on an actuarial or “statistical basis in the 1 manner that in- 

_ Surance companies treat human lives. | ~The correctness of such h a conclusion 
seems open to question. Insurance companies deal with large numbers of 
humans 1 whose life spans, by ni nature, vary comparatively slowly from generation — 

to generation. _ They also segregate individuals by occupations, , Taces, sexes, 
ete,, into such that. the risks may be appraised and made | as nearly 


“uniform for each 1 group as as The extreme which in- 


new and unknown risks, 


‘The forces. that control | human-life characteristics a are obviously not com- -— 
to those that | govern life characteristics of most property, and 


; to future life is clearly shown by) the care they use w rene they i insure life against. 
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Industry, which has grown from relative insignificance to its present status | 
ed, _ the past several decades. Coincident with, and inseparably related to, = | BS Pi 


this ‘grow th i is the fact that the facilities comprise the industry’s esses 

been continually improved. of these improvements have resulted invo 

in functional depreciation, which has been one of the predominant causes of cura 
retirement of property in the | past. Other improvements have resulted i in a fe fore, 
change i in life span of facilities. men 
At the same time, the improvements in in 1 most property have made it im- f) and 
. for the life of one generation of property| to serve as a reliable guide | ; ‘ 
to the life of a ‘succeeding generation of property. _ Therefore, it may be true F dep 
that in the case of most electric utility facilities, statistical treatment will not” © sim 


be possible ur until — are available of liv es that have not been affected > prog 


> imn 
> exp 


© are 

A general conclusion as to estimates of future re lite for most electric utility tt 

_propert might be stated | briefly. Such estimates, even for the 1 near future, cert 
have limited accuracy and reliability, and, when extended into the more dis: F) the 

tant future, * ould appear to even accuracy and reliability. ord 

ite accuracy, it is not, of 

“itself, the measure of depreciation. — An estimate of future life is merely an FF met 

element to be considered to the extent that it may be a measure of future use con 

fulness, but it should be recognized that future or Temaining life is not neces Fy %°U 


problem of ‘Measuring depreciation at a given time is fundamentally gest 
different from that of estimating future life ‘in years. The factors that have Jy the 
caused depreciation are well known to engineers, for these are constantly ap Fy elin 
plied by them in ‘selections and replacements of facilities. Measurements of ee int 
t of property, are essentially FF 
‘comparative procedures it in w which an item of existing property is compared i in 
iar @ proper manner w ith an available modern item of property. In such a con- 
parison, the various points of difference e such a as s efficiency, reliability, « etc., are 
evaluated . Technical data and e experience | are available that can be “utilized 
in making such valuations. — There : are also numerous technical | and scientific 
data, , tests, and "procedures that are e valuable aids in the determination 


physical condition . Ane evaluation 1 of t the foregoing having been arriv ed at, 


the result must be expressed in t terms : s appropriate to the use asin hich the 

The ascertainment of depreciation may well be a for engineerilg 
investigation and careful exercise of judgment rather than something that cal 
be treated by those not familiar with engineering matters or something that 
ean be solved by us using - perhaps the simplest arithmetic. Replacements and 
- selections of property often require the exercise of sound engineering judgment, 
and decisions are not always easy to make; but such applications of judgment 
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DEPRECIATION PROB 


requires: es the dev elopment of engineering ability to solve the problems 
involved. Cannot this same engineering ability be devoted to the more ac- 

curate determination of the condition of equipment and depreciation? — ‘There-— 7 
fore, is there a justification for the conclusion often hastily drawn that measure- _ 


ments of depreciation cannot, with study, be made with the needed accuracy 


es, There would seem to be no adequate justification for treating the matter of 
depreci iation in a superficial manner merely for the pu purpose of attaining , alleged i 
simplicity. | In estimating the rate at which depreciation may | be expected e 
progress in the f uture, it seems proper oper that the estimated rate for the immediate _ 
future should be guided by the rate at w hich depreciation has progressed in the 
immediate past, modified by judgment. as to the conditions and circumstances : 
expected to prevail. This would seem a more accurate and reliable guide than 
reliance on estimates of future life based on assumptions and fragmentary -_ 
statistics from the distant past when it is known that the prevailing conditions 
: ‘The problem that lies before engineers seems to be rather definite and is 
certainly pressing: F First, a sound basic concept or common understanding of 
the true meaning ‘and scope e of depreciation must be dev »veloped; ‘second, an 
orderly and basically sound procedure for measuring depreciation must be 
formulated that w vill use > the vast. volume of technical and scientific data and _ 
methods av v ailable, and, above all, one that will yield comparable results under 
; comparable conditions and circumstances; and third, an orderly and basically 7 
sound procedure of deriving estimated rates of depreciation for the future from — 
‘measurements of past: depreciation must be formulated. — None of these sug- 
gestions is intended to carry the implication that e engineers must or can reduce 
the treatment of depreciation to a simple arithmetical process which will 7 


eliminate or even reduce the quality or shaman of sound judgment — 
in the treatment of the 
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a DEPRECIATION PROBLEMS 


_ RELATIONSHIP: TO (COMPETITIVE INDUSTRY 


By EUGENE L . GRANT,® M. Am. 7 


SYNOPSIS 
OW riters on n depreciation seem to agree on nothing except t that other writes 


on subject a1 are somew! vhat confused. Many: apparent lifferences 0 of opinion 


on this controversial subject et might b ber reconciled ” recognition of of the followi ing 


1 A A clear differentiation should be made thr ce fundamentally 
different ‘depreciation concepts. These might be described briefly as 
“popular the ac accounting concept, the ap appraisal concept. 


= 

a 2. 2. Depreciation estimates will enter in n different w ays into different kinds 

of business decisions; it is necessary to examine the specific alternatives pre- 
sented in any case to see what depreciation estimates are relevant. All busi- 

. ness decisions are between alternatives for the future; the « only p possible dif- 
7 ferences between any such alternatives are future differences. What is past 


relevant ; only” because of ‘its possible aid in 1 forecasting the future. 
This paper ill illustrates these two points by brief discussions | of the relation-_ 


_ ship of de of depreciation to to five ve types of of problems existing i in competitive i industry, | 


se (a) Engineering economy studies relative to a proposed new investment; 


Engineering economy studies relative to retirements of ma- 
“chines. and structures which are still capable of rendering serv 
Establishing selling p pions; 


(d) Making ay appraisals bi based on on replacement cost ne new; and — 
(e) Shaping p public tax x policy tor cognize > the: national interest — 
‘the national defense interest) in private decisions « on plant expansion ot eas 
retirement. 


Deprectation 


A prerequisite for any discussion of depreciation ‘principles should be a 


reading of the explanation, in the treatise by J.C. Bonbright entitled “V alua- 
ti ion of Property,” ‘ of the different concepts" attached to the word “deprecit- 
tion’? One concept involves. the popular meaning of the word; two others 


involve special technical meanings. F ailure to realize the fundamental differ- 


fod 3 Prof. of Economics of Eng., Stanford Univ., Dept. of Civ. Eng., Stanford University, Calif. oh vee. 
airs “Valuation of Property,” McGraw-Hill Book Co., Inc., 1937. See particularly 
(Chapter X. 
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DEPRECIATION PROBLEMS | 
these three meanings been responsible 
in the literature of this subject. The concepts are: Decrease in value, cease 
cost, and difference in value between an existing old asset and an hypothetical 
“new asset taken as a standard o f comparison. — (Bonbright gives a fourth basic 
concept of depreciation as “impaired serviceableness.” As he states, this i is @ 
not a value concept at all although it has sometimes been used to confuse the 
issue i in yalue determinations. ‘As good as new” is not the same as “‘as — 
able as ever. al Impaired s serviceableness is only on one of many many possible reasons’ 
forfallin value) 
Decrease in v alue.— —This implies that value is somehow at two 
‘different dates. _ The value at the later date subtracted from the value at the 
= date is the “depreciation” regardless of what combination of « causes may 
have been responsible for the value change. — When “depreciation” is used . 
every day speech, this is the meaning usually implied; it is also implied by most 
- dictionary definitions. It should be noted that this meaning may be applied 
to various concepts of value. As explained by Bonbright, the most useful co con- — 
cepts s of value are “market value” and “value to the aw.” 
Amortized Cost.— —This is the concept of depreciation implied b by the usual | 


- accounting practice. From the v viewpoint of accounting, the cost of an asset 
isa prepaid expense to be apportioned among the years of its life bys some more > 


: or less systematic procedure. _ The controversial questions here are what the 
estimated life should be and how the apportionment should be made. It 
— should be emphasized that it is cost, not value, which i is apportioned in ortho- 
dox accounting. g. Although the phrase “book value” is commonly used to de- _ 
scribe the difference between the cost of an asset and the total of the deprecia- 
~ tion charges r made to o date against the asset, this difference is more : accurately. - 
7 described as ‘ ‘unamortized cost.” a Confused reasoning may result from a 
: literal interpretation o of those classifications of accounts which define e deprecia- 


tion as “loss in value.” P ” Only if value is is defined in what might be called a 


neutral | sense, aS any ‘money amount that may be associated with property, 
it be wid that the accounts really record value. 
Difference in Sd alue Between an Existing Old Asset and an H ypothetical New 
| Aseet Taken as a Standard of Comparison. —This i is the appraisal concept of 
depreciation. An upper | limit on the value of an old asset to its s owner may be 
_ determined by considering the cost of reproducing the service which the old 
asset j is expected to perform with the most economical new asset available | for 
performing the same service. be The present co: cost new of this hypothetical new 
asset is the base. The The depreciation d deducted fr from this to deter 


number of 1 reasons such as s shorter life higher p prospective annual 
disbursements to get the service performed, and lower prospective annual re- 
-ceipts, The writer believes that it is in this field of measurement in appraisal 
a depreciation that engineers can make their greatest contribution to theory and 
practice, Such measurements, which are primarily an engineering function, 
can shed light on comparisons of alternative methods of depreciation account- 


hs _ Moreover, t the appraisals of which they a1 are a part. often en may serve as the 
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er 2crease in value (depreciation in the popular se: 
“a Despite the frequent confusion a1 among them, all three of these. depreci: ition 
oncepts are useful. Any suggestion | that two of of them be given different names 


= 

Ww 


_ ould doubtless be futile. 4 Throughout | the remainder of this paper they are 


called ‘ ‘popular depreciation,” “accounting depreciation,’ and “appraisal de. 
preciation,” J respectively. Some fundamental differences among these three 
‘concepts are revealed in Example 1. 
_ Example 1.—A man bought a new home i in 1932 for $6, 000. In 1940 he 

sold it for $6,000. In the intervening years he rented it to a tenant for part . 


4 of f the time; and i in ‘Teporting his taxable 1 income for this rental period to the 


gov vernment, he made an annual depreciation deduction of $125. This was 

based on a $1,000 lot on w vhich no ) depreciation was charged and a $5, 000 0 house 

on which straight- line depreciation | was calculated over an opemger 40-y1 -yt life. 


The purchaser arrived at his $6,000 bid by estimating the cost of buying a | ee 
7 7 similar lot at $1,000 and the cost of building a comparable house i in 1940 at J = 
= 500; from this total of $7 ,000 he deducted $1, 500 because of the shorter of 
life ie expectancy, higher early maintenance costs, and less modern design of an ff = 
” In this incident the popular d depreciation was s evidently zero, : as the market »* 
. , = in 1940 was the same as in 1932. - The accounting depreciation was we 
a ,000— that i is, — of $5, 000. appraisal depreciation was $1 500. 
Increase in residence construction costs between 1932 and 1940 had com tae 
~ pensated for the causes making for decline in value so that there was no popular al 
_ depreciation. Changes: in price levels had no effect on accounting deprecis- 7 la 
tion, : as the accepted principles of accounting call for basing depreciation ch: arges B 
on cost. Price level changes did not affect appraisal depreciation for quitea 
different reason; they had already been taken into account by using the ‘Present UF 
cost of a new asset as the depreciation base. 
ENGINEERING: Economy Srupres RELATIVE TO A ?P 
Proposep New Iny By 
_ Answering ng the question “ “Will it. pay?” with re respect to a eat plant, 4 * 

_ investment may involve the conversion of a first cost, Pian estimated | life,, 
tl 
: and a salvage value, L, ‘to an equivalent uniform annual cost. % This require Fr 
Be “the use of an interest rate, 7, which should be the minimum | rate. of return th thst aa 
ill make the investment attractive. ‘This minimum attractive return shoud 
depend on both the prospective return obtainable from other and 
the apparent risk of the particular investment in question. = ne a 

t 

With zero salvage value, the equivalent uniform annual cost is obt: sined bs 7a 

multiplying the first cost by the capital factor, - With 


—* salvage value, the annual cost of capital recovery, is ean coal 
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it may be shown readily that this is equal to the sum of interest on first cos cost 7 
anda “sinking- fund depreciation” annuity, provided the interest rate used on 


first cost is also used for sinking fund. Thus the annual cost of capital 
“recovery may be described as interest plus depreciation. 


he. As the two preceding paragraphs describe | conventional theory i in ¢ engineer- 
ing economy, they r require no detailed explanation. - However, a point not 
always understood should be emphasized—namely, that this equivalence cal- 
— culation simply ste ates: “Here is a uniform series of pay ments which, with the — 
final sa salvage age value, would serve to pay back the first cost in n years with the 
~ minimum attractive rate of return 7.” The calculation i is not concerned with — 
~ the central problem 1 of depreciation accounting, the allotting of cost among a 


number of different years. | The equivalence holds | good regardless of what 7 


plan of accounting is to be used and has no relation to a any actual or or hypothetical 

| sinking fund for the replacement of invested capital a Say 
such a capital seoovery oaloulation may be. thought of as the 
am 


really the view point of popular fall in re- 
- gardless ¢ of cause—which is is relevant. _ For this reason, estimates of life and 


salvage value in economy y studies to determine whether a proposed. plant i in- 


_ vestment will pay may properly differ from the estimates of life and salvage _ 
- to be used in the depreciation accounting ‘if the investment. actually | 


2.—For. instance, imagine that the home owner in 1 
: anticipated that a house purchased in 1932 would be salable a number of years 


later for the same price. Obviously this forecast of no popular depreciation 


a would have been relevant in an economy study c¢ comparing home ownership 


and renting. 2 price le level changes are forecast as likely to influence possible 
~ Tesale value of a property, this forecast should influence the annual cost of 
- capital recovery used in a study to determine the economy of of f acquiring | that Es 
property. However, the forecast of price level changes has no place in de- 
preciation: accounting as it is ruled out t by the conventions of accounting. 
a _ More important than this i in many economy - studies i is the forecast that — 
- before the date of its retirement the value to the owner of a proposed machine 
or - plant will be very low. This forecast may be based on past experience = 
_ that improvements in design render plant obsolete in a short time, or on an 
expectation of the termination of the present demand for the product, or on _ 
other reasoning. It is a common policy, particularly in the 
industries, to require that new machinery ‘pay for itself i in three years OF in 
some other short time from one to five : years. ~ It is also common for the ma- 
a chine, installed on the basis that it must pay for itself in three years, to have 
its depreciation accounting based on a 10- -yr life. Past experience 1 might show 
that similar: machines had served fifteen years before retirement. Recent 
--Tegulations of the Bureau of Internal Revenue, U. 8. Department of the 
Treasury, have had the effect of bringing the accounting -depreciation— —at 


least for income tax purposes—more closely into line with past evidence of 
total realized and have thus ‘increased the discrepancy between t the life 
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SrupiEs FoR PRoposED RETIREMENTS 

_ Perhaps most property retirements in modern industry are retirements of con 

machines and structures w hich are still it capable of rendering service. Te- 


4 


tirements are made because of some one’s decision that it pays to them, 
Unless such decisions are made merely on a | “hunch” basis, they ‘require an 
_ estimate of the cost of extending the s service of the old asset for soune : specified | mo 
dime 
i: It should be obvious that this ‘ ‘cost”” is a money difference betw een dis- = 
sing of of the asset at once and disposing of it at the specified future date. The 4 
only “ depreciation’ involved i is s the difference between the net amount realiz- ‘ of | 
able from the immediate sale of the asset and the net amount realizable from sl a 7 


‘ 7 4 future sale. This is depreciation i in the popular sense of decrease i in value; the 


“mis 

relevant “value” is net price in a a second- hand or scrap market, « or value to the ph 
co owner for some other purpose. Accounting depreciation based on the past dey 
cost of the asset is irrelevant; so also is the difference between the unamortized. val 


cost (“book value’ ) and the present net ; realizable v value. __ The money originally 


Although this be obvious, unfortunatey it is not. The literature of 
_ replacement economy is full of formulas which, as part of the attempt to de- 
termine whether a proposed replacement w ill pay, add to the first cost of the 


a new asset the “Joss” ’ which the books would record on the disposal of 
the old asset—that is, ‘the difference between the ‘ ‘book value” and the net 


5 
por | 


‘realizable. value. (Although | under individual unit depreciation 1 accounting, if 

the “ “book value” of a a retired asset is greater than its net realizable market: = 
value, the difference must be written off on the books [either as a charge “4 a 
current expense or in unusual cases as a charge directly to surplus ]; the usual mR 
a) description of this difference as a “loss” which occurs at the time of the retire- bu 
ment is misleading. — The so-called “loss” is simply a portion of a prepaid ex- is. 
pense which would have been allotted against past accounting periods i if correct — s 
forecasts of life and salvage value had been made; because it is s impracticable “hi 

to go | back and correct previous accounting statements, this must be charged of 
off at the time of the retirement. ‘Under gr group » no 
such “loss” entry is ‘made as, presumably, a retirement : short of the estimated se 
average life of a group of assets will be balanced by another at more than the * 
average life. This viewpoint is implied in recent regulations of the Bureau of ee 
Internal ‘Revenue; “Josses’”’ on retirements made sooner than the estimated 
average life are no longer allowable as tax deductions except in extraordinary he 


~The most celebrated of these formulas* wa was first published in 1923 and has ; e 
been copied year after year since that time in textbooks and handbooks; it 


still (1941) seems to be ‘going strong” a after - eighteen years. One > proposed 


8 “Formulas for Computing Economies of Labor-Saving Equipment,” Mechanical Engineering, V ol. 45, 
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DEPRECIATION ‘PROBLEMS 


retirements of a series of predecessor as assets which performed the same service! 
It is the w riter’s impression that confused reasoning on n this matter is not so 
wm! in industry as would be suggested by the high percentage of the re- 
placement formulas which contain this mistake. Nevertheless, it is common 
a ~ enough; there is no question that high book wiles of old assets often operates _ 
as a deterrent to economical retirement. The writer believes that this error is 


more common in large concerns than in small ones. The control mechanism. 


of a large on figures: to such an n extent 


accounts. The owner-manager of a concern is is is likely t to bet more conscious 
of his competitive position and of the actual differences between alternatives. 
ae Modern writers on semantics have emphasized how readily 0 one may be — 
w words or have unfav orable Two such 


depreciation. One is the definition of accounting deprecation 1 as in 

y value; the other is the common description of unamortized cost as “unrecovered — 

- investment. ” “Loss” has an unpleasant sound which somehow makes de- 

‘Preciation seem worse than other operating expenses. “Unrecovered invest- 
ment,” ’ despite its sanction by the Bureau u of Internal R Revenue, is an inaccurate e- 
deseription of ‘ “unamortized cost. In some cases the ‘ ‘investment” in a 
chine catenin may | be * “recovered” in its first few months of service, andin — 

other cases it may never be recovered; neither fact has | any relation to the de- 
preciation that has been recorded on the books. (Even if “book value”’ really 


were investment, it would not be relevant in a replacement 


DEPRECIATION IN PRICING Poutcy 


Ina competitive market, prices are a result of the ne bargaining of possible 
buyers and possible sellers. Depreciation as one element of cost enters into. 
_ the bidding of the possible sellers. According to economic theory, under r free 
prices to costs to the marginal producer—that i is, the 


a the. market depends on by individual possible sellers a as to whether 
é or not t they will sell at some given price. In practice, the ‘ ‘cost”” to any possible — 
~ seller which should be relevant in his decision whether or not to sell at any 
; given price depends ¢ on whether or not he has the ne necessary plant to produce the - 
product. Thus two types depreciation enter into the 
bidding of possible sellers. 
— One j is a decision whether prospective prices are high enough to to justify the 
D provision of new plant facilities. — As already pointed out, in ‘many ¢ competitive 
industries new construction is ia undertaken unless there is the prospect of 


| _ capital recovery within a much shorter period than the estimated total service 
lite of the plant. A price higher than production cost by the most economical — 


“Economie Life of Equi ment,” by H. O. Vorlander ond 
54 (1932), RP-54-2, 
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DEPRECIATION | PROBLEMS Papers 


‘new - method, including i in production por a much larger | depreciation allow: ance 
than will subsequently be included in the cost accounts, tends to attract new 


capacity | into the market. In this manner, improvements in design w hich 
4 


make it possible - to . produce mo more economically tend to reduce the return to 


the owners of older, less economical plant. 


“an The other decision i is whether 0 or not a giv ren market peice justifies: continuing 


choice between the ce Aaa (a) to sell at Mihi mies than the increment 

cost of production and (b) to shut down the plant, it is to their advantage to Oo 
choose alternative (a). The only depreciation properly included i in this incre- 
‘ment cost is the difference between the decrease in value, that is, , depreciation ; 
vs in the popular sense, which will take place if the plant i is operated and if it is 
shut dow n. In the common instances in which decrease in value is ; practically 
independent « of of operation, this in increment of of depreciation entering into pricing © 


“ia The danger that excess productive capacity in an industry may result 
“eut- throat” competition i in which prices are forced down to increment cost of 
‘aie has its influence on economy studies relative to proposed new ca 
oo pacity. The “pay-for-itself-in-three-years” requirement is often partly ate 


| 


ing 


wa ‘Under: the imperfect competition that actually exists in most competitive | 
. _ industries, prices in an. excess capacity industry may not actually fall to the 

increment ¢ cost to the Marginal producer. Producers may prefer a partial 
shutdown rather than a sale close to increment cost of production. | if total — h 
allocated book cost determines the point at which this shutdown occurs, it is _ ‘ 
accounting depreciation n which actually i is relevant. It should be emphasized Dy 
- that it i is what each prospective : seller thinks at the ess that his relevant costs 4 
are, not w hat ‘subsequent events prove them to have been, the ut determines his : 

_ Because depreciation may enter into competitive prices ‘in such different a 
ways, it is desirable that contracts in which the determination of price involves ‘ 
_ the determination of “cost” should not depend on a competitive price analogy 4 
for the establishment of depreciation cost. Such contracts should provide 
definite money amounts for depreciation ‘(or a means of readily determining ; : 
the: money amounts) and thus avoid the necessity for adjudicating disputes c 
which inherently are extremely difficult to adj udicate. 
Deprectation IN BASED oN REPLACEMENT Cost 
_ An appraisal of an asset on the basis « of its replacement cost should | give eal _ 
answer to the question, “What price for this asset would provide. its future | 
scored at the sam same annual cost as would b be obtainable from the most e economi- 
new asset now available | to reproduce the service?” depreciation de 
~ duction from the price | of the hypothetical n new asset should be a money mea 4 
ae sure of th the e inferiority of the existing ol old asset to the ‘most economical new one. ( 

The old asset is usually (although not always) inferior in having shorter life 

it may also be inferior 1 in requiring annual disbursements | Ss 
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ON ovember, 1941 DEPRECIATION PROBLEMS 
a service performed or in having the prospect of lower annual | oa 
_ The theory that should gov govern t this depreciation measurement is the same a 
‘theory that applies to a somewhat ‘comparable problem i in. engineering ¢ economy ; 


—that of determining the investment justified to secure an increase in life or ¢ a 


» 
decrease in annual disbursements. Consider, instance, following 


tg &£: xample : 3.—A structure, A, has a first cost of $1,000, a aii life of | 
ten years, and involves estimated annual disbursements of $500. An alterna- 


tive st structure, B, has a prospective life of twenty years with th estimated a annual 
disbursements of $500. _ With interest at 7%, what is the maximum amount — 
~ that could be paid for for B 1 without realizing higher a annual costs than A? 
= problem m may be solved by letting x = = the first cost of B which would 7 
make annual cos costs ‘“‘break even.” ” Each in investment may | be converted into 
an equivalent annual cost by multiplying by the ap) appropriate capital r recovery 
factor. Equating the annual costs for A and B: $1,000 (0.14238) + $500 
= x (0.09439) + $500. That is, x = $1, 508. 
7 Because ¢ of the time value of money, i in this problem a 100% increase in life 
justifies only a 507% in increase in investment. Only with 0% interest would i it 
pay to spend twice as much for a 20-yr service as for a 10- -yr service. The’ 
used it in this. calculation should be the > minimum : attractive rate of 
4 -Teturn on investment, considering the risk and the return available from other 
investments. Obviously this return should be greater than the bare cost of q 
ed money. higher the minimum attractive return, the low er the. 
valuation placed on additional life expectancy. 
A prospective saving in annual disbursements may justify a much higher ~ 
investment. For instance, if structure B had the added adv antage rage of annual 
disbursements o of $300 instead of $500, the would be: ,000 (0.14238) 
$500 = (0.09439) + $300;orz =$3,627, 
i Example 4.—In applying this viewpoint to the appraieal of existing old 
4 assets by comparing them to hypothetical new ones, it is the value of the oe 
-shorter-lived asset that is the unknown in the equation. 4 or example, the most 
A economical new asset that might be used to perform the service of an existing - 


old | one has a first cost of $1, 000, an estimated life of twenty years, and esti- _ 


mated annual disbursements of $500. The old asset has a maiden life e ex- ai 


_Peetaney of ten years” and estimated annual of With: 


the costs with the new one? 


Let = the value of the old asset to even’ 
- $1,000 (0.09439) + $500; andz = $663. 
ms: ‘Tf the new asset involves lower prospective annual disbursements, this de- ha 
: “creases ‘the vahie of the old asset. For instance, if the annual disbursements : 
Bonn the . new asset are $450 instead of $500, x (0. 14238) + $500 = = $1, 000 


te _ If the annual disbursements for the new a asset are $405 or less, the equation — 
st nw that the old asset has no value i in comparison with the new one. ‘The 
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is, on the basis of a 20-yr life f for the new hast it oan pay to taalke 9 an im 


= cost appraisals n might reasonably be made. The v writer —_— 
that so-called reproduction-cost appraisals i in competitive ‘industry have Kittle 
meaning unless they are really based on the cost of replacing the service. He 
= of ' course, that few appraisals: are actually 1 made i in in this manner. — 7 
 - The elements in such an equal-annual-cost appraisal are: (1) The 1e expected 
service to be performed; (2) the selection of the hypothetical new asset to per- 
2 it and the estimate of its cost; (3) the estimation of the remaining life 
Be agenrsd of the old asset; (4) the estimation of the life expectancy of the 
new asset; (5) the selection of an interest rate or minimum attractive return; 
and (6) the estimation of ' the saving in annual disbursements or the increase 
in in annual receipts to be 2 expected from the new asset, or both. 


Each of these elements deserves a brief comment: 


(1) The service should be the one that is to be performed i in the future by 
the old asset. | Ther result of the appraisal m must be recognized as relevant only 
to the value, to the ow ner, - of the asset for: this particular service. — For s some 
other service a different conclusion regarding value might be reached. |! 1 
> (2) The reason for the relevance of megnacgenent cost in an appraisal is its 
relation to the cost of replacing g a service. " This: implies that the replacement 
_ cost used should be that of a new asset w hich would provide the contemplated 
service most economically. If there have been improvements in 1 design ot or 
changes in the service performed, the new asset will not be physically identical 


ith the old one; often it will be entirely different. i 


(3) The estimate of remaining life « expectancy does not necessarily depend 

a - on nage. As stated at the beginning of this paper, the only possible differences 
_betw een any two alternatives for the future are future differences. _ = ‘It is the 
look forward that is relevant in the appraisal; the look backward | (at age) is 
only useful if it helps in the look forward (at life expectancy). _ Sometimes—ii 


the only event limiting the life of either an old or new asset is the prospective 


: : termination of the service—the life expectancy of the old asset n may be the same 


as that of any new one that might replace it. In such cases, if there is no 


oc difference in prospective annual disbursements. or receipts, the old asset has m0 § 
value-inferiority to the hypothetical new one and the appraisal depreciation is 
zero. § Sometimes it may seem likely that it will pay to retire the old asset 


very soon. It is the. prospective date when it would pay to retire the asset 
from this particular service that is relevant in estimating its remaining life, 


tather than the prospective e date e of termination of its physical life. here 
he the ‘estimate is being made from a mortality ¢ curve, the curve will usually ine 
“dicate the remaining life expectancy of an old” asset to greater than the 
difference between the av average life indicated by t the curve and the present age 


, jae (4) Ifa mortality ¢ curve based on past experience is used | as a basis for the 


estimate, the average life indicated by the curve should ‘appropriately be used ie 
as the expected life of the hypothetical new asset. On the other hand, if the 


prospect of of a new asset is so great that an economy stu study ‘rela 
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‘that it must “pay for itself” in a short time, it would seem n appropriate to us use 7 
that s same short time as the expected life of the hypothetical new asset. 
(8) The1 recognition of the ti time value of money is simply the recognition — 
; ‘that an extra investment to secure longer life or lower operating disbursements 
or increased receipts is not ' justified without the prospect of a return. — . The 
interest ‘rate appropriate to use should be the minimum attractive return which 
will justify an investment considering the risk. ‘Usually this will be higher: than | 
either the cost of borrowed money ‘or the interest rate obtainable on a con- 
©) It is the prospective saving in annual disbursements from the most 
economical replacement asset that is often given inadequate consideration in 
commercial appraisals. This saving may result from a combination of causes - 
which might be. described as w wearing out, obsolescence (or obsoleteness), and 


inadequacy. Even if the new asset selected asa standard of comparison 


tive to its propo sed in stallation might rs ‘be based on the requirement 7 


identical with the old asset, the new asset is likely, to. require lower annual oper- 
ation .and maintenance expenditures because of. its newness and the lack of 
wear and tear. If the new asset is superior because of improvements i in design, 

it will have lower annual disbursements for operation. ‘If the service to be 

- performed | has changed since tl the old asset was installed, a new asset will be 
better adapted to the present service and v will cost less. operate. all of 
these influences are present, it it should be emphasized | that they combine to 

“create a a value- inferiority of the old asset to the hypothetical n new one. 7 or 

_ An apparent: paradox h here i is that the less the contempleted service, the _ 
. ill be this value-inferiority « of an existing g old asset to a hypothetical new one. 
Than an old plant is to be used merely for stand-by purposes, , no saving at all in 
annual disbursements might be possible from the substitution of a new plant. 
However, in this connection it should be. emphasized that the appropriate 
substitute plant for stand-by service may be quite different from that for regu- _ 
lar operation; ; the e price of similar machinery i in the second-hand market might 
provide th the relevant: “Teplacement | cost” from which no depreciation deduction 
would need to be made. Iti is also true that the alternative of abandoning the 
stand-by service may place an upper limit on the value of that service t,t . 
Subject to certain very important limitations, the preceding discussion of 


appraisal depreciation on an equal-annual-cost basis may be described as an 


advocacy of depreciation in appraisals—or ‘Present worth de- 
preciation as it is somewhat more accurately called.?. These 


| (a) An interest rate equal to the minimum attractive return sufficient. to. 
justify an extra investment is usually higher than the rate commonly used in 
‘Sinking-fund depreciation. ‘This tends toward higher valuations s than usually - 
are obtained d by the sinking-fund method. 
recognition that it is of the rema remaining life expectancy 
m of the old asset with the life expectancy of the new ¢ asset will often tend to give — 


higher valuations than the sinking- fund method based on the present a age of my 


” 
by Anson Marston and T, R. Agg, Ist Ed., 
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‘The use of the cost of the most economical new w plant to to provide the 
service as the depreciation base rather than the cost of reproduction of a plant | 
“a identical with the old one, and consideration of the prospective saving in annual | 
- disbursements from such a plant, 1 will generally tend toward much lower valua-— 


tions than will be found in “conventional onal appraisals by t the sinking- fund method. 


“4 The w writer believes that in in competitive industry this last limitation is likely 
to be the most important one, , and that appraisals made on a true equal annual 


cost basis are likely to give values that not only are below reproduction ost 
F appraisals on a sinking-fund — also are below such appraisals on a 
ie word of caution is necessary regarding | the addition of the : 
“values 0 of separate 1 machines and structures in a manufacturing plant to mre 
appraised value for the plant as a whole. ‘This: will often give an over- 
_ 4 valuation ; consideration of the alternative of replacing tl the plant as a w ‘hole 
with « one of quite different design 1 may give a much lower equal-annual-c cost 
7 value for the entire ‘plant than consideration of of separate al alternatives of replac- 
a ing parts of the plant ¥ without changing its basic design or arrangement. — 


N N VATIONAL INTEREST IN THE EFFECT or ‘DEPRECIATION 
Tax Powter | ON Private Decisions REGARDING PLANT 
_ EXPANSION” AND RETIREMENT 


‘Defense needs have made every ion conscious that there is a national in- 
“terest i in n the nation having the best possible the of 


‘tion, and stand- by capacity of less economical plat to meet emergency | needs. 
policy with regard to depreciation may have two undesirable effects: It 
“may handicap plant expansion and the substitution of more economical plant 

for less economical plant; and it may make it pay to retire plant w which might 


ay ma plan 


_If the decrease in value of an asset is much greater dia ii allowable tax 
‘deduction for depreciation, what appears for tax purposes to be income may 
actually be recovered capital. Income and excess profits taxes may take as 


much as 62% of this recovered capital. _ The prospect of this can, and does, 

_ operate as a ‘deterrent to plant expansion. This fact was given b belated 

: oe in the excess profits law w yhich permitted amortization of new plant 
for tax purposes in five years \ when it was certified by the military : services to 


7 Property taxes 3 may make it pay to retire plant th that would otherwise be § 
a: to permit expansion of production during emergencies. The ‘policy of 
_ basing allowable depreciation rates for tax cmaeaiee on seal evidence of actual 


retirements may have a similar effect. 
ne There is serious need for a study of Po effect of depreciation tax polic 


7 . habe € 
SuGGESsTION Deprect ATION AccountING 


Many of the onlin covered i in this paper do not bear 0 on the pres of 
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DE ead PROBL EMS 


“paper, rather, is on a a discussion many depreciation 


in which 4 of depreciation accounting has any relevance Nev verthe- 
less certain points brought out i in this paper bear definitely on the selection of 


a depreciation accounting policy. These points may be summarized as follows: 


an industry in rapidly improving, ap- 
based o on the cost of reproducing the service may show that fixed assets 
have a very low value to their owners within a short time after their installation : 7 

though it may be many years before their probable r retirement. 


a 2. The prospect that this will occur is commonly recognized i in amet 7 
“industry by a refusal to purchase new fixed assets unless it seems likely that 7 


they will ‘ “pay for themselves” in a much shorter time than will be wok as val 

es in subsequent depreci ation accounting. 

e 3 Because of this, the limit on ‘competitive prices which exists due to the _ 
_qossbility y of production : at the “cost” obtainable in a new plant of the most _ 
economical design practically depends a “cost” which includes a greater 
- depreciation allowance than is ; commonly included in depreciation accounting. 
as! 4. In contrast to the influence on competitive prices of this. high prospective 
_ depreciation of a proposed new plant, the influence of depreciation of an old — 
‘Plant on competitive prices is likely to be relatively small. | yyy - 
be 


5b. High book values for old assets operate to discourage (irrationally, to 


sure) replacements that are really economical. 
: Low depreciation rates allowable in income tax returns for new assets — 


: operate as an obstacle | (an entirely rational one) to the installation of new plant. 7 


compared by various standards. “There | is no inherently correct way to appor-— 


tion depreciation 1 on the books of account; it all depends on on the « objective e being, 4 


Maurice Scharff,’ M. Am. Soc. C. E. , has 3 suggested | that accounting de- 
preciation ir in regulated industry be made consistent with decrease i in vi value— 
that the accounting depreciation assigned | to any period” be based on the 
difference between the appraised values at the beginning and end of the period. 
In competitive industry the irregular operation of the forces influencing value 
changes would doubtless result in this method showing | erratic fluctuations in 
annual depreciation. . As some of the uses of accounting make ‘it desirable that 
there be reasonable regularity in in the annual depreciation . charge, and that this’ 
charge be not subject to the suspicion of f manipulation which | would surely 
- exist if appraisals were controlled by the » management, this suggestion has 
he Nevertheless it has much merit as a basis for judging the adequacy of the’ 
‘depreciation charges made under some regular systematic scheme of deprecia- 


tion a accounting. Tf the “ ‘decrease 1 in value” shown by an appraisal based on 

cost of reproducing Prag service Ww ith the “most economical modern plant 

—_— be much greater than the accounting depreciation, one might reasonably © 
fer that the accounting depreciation was inadequate. 


Transactions, Am. Soc. C. E., Vol. 104 (1939), p. 1132; also » “Public Utility Depreciation,” 
Scharff, Columbia Law Review, . June, 1938. 
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a 


Iti is the writer’s guess that engineering studies in the manufacturing j - 
: -dustries of the value-inferiority of the existing old plant to the most economical 
new plant would indicate that the decrease in value in the early years of life 
_ of a plant was much greater th than the 2 accounting depreciation in most of the 
cases where . straight-line depreciation accounting is based on actual retirement. 
- practice. _ This guess is consistent, with the usual practice of manufacturers of 
_ requiring the likelihood of a short capital recovery period as a prerequisite to 


the installation of n new machinery. 
Changes in depreciation ‘accounting prac practice in the United States he ave 
seemed to follow criticisms of current methods made on theoretical grounds. 
As writers on accounting theory began to point, out that the distinction between 


capital and a revenue was one of than of funda. 


criticized, a trend developed toward the lion in each industry of standard 
rates for "each « class of assets | used in the industry. — A current theoretical 
criticism is that rates are not based 0 n actual retirement practices, and the 
suggestion is made that they should be based on the available evidence of actual 
realized lives such as might be obtained by mortality studies using the annual 
rate method or turnover method. Recent policies of the Bureau of Internal 
Revenue with regard to depreciation deduction in income tax returns are based 
on the viewpoint involved in this criticism. — The effect of f these policies h hs as been | 
to make substantial reductions in the annual depreciation ex expense shown on the 
books of many taxpayers, particularly those in the / manufacturing industries 
A first impression | might be that, because this is a trend to substitute de 
preciation rates based on the facts of realized lives of property for a arbitrarily 
guessed higher rates, it is desirable. w writer holds a contrary view, 
ticularly with Tespect to the maainctasing industries. That is, he believes 
that the decrease i in value in the early years of life of ‘much manufacturing 
equipment is so great that straight-line depreciation based on actual retirement 

_ experience is inadequate in those fe years. | more realistic change in current 


a depreciation accounting policies w would be to use a high rate in the early yt years 


of life of an asset followed by a lower rate in later years. _ This w vould biing 
Se roger accounting more closely into line with decrease i in value, and w woul 


in the first place. 
MW Factual studies i in various industries be engineers whose familiarity her the 


the value- (that is, the depreciation) of plant 
a would permit determination of the past decrease in value—the - popular de 
preciation. Such studies would permit judgments on the adequacy of the 


accounting depreciation 1 which would serve to confirm or disprove the writer: 
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A ATIONSHIP TO 1 


By Roy W. CRUM® AND 10 


It. escaped, but. generally p public ic scvounting methods a and 
policies h have give it no attention. Accounting for depreciation and the use 


of of depreciation estimates ir ‘in ‘management are the possible points « on which pro- — 
5 cedures s involving public works | and government finance may. differ from those — 


; fellow ed i in privately owned industries and business. = The object of this paper > 7 


to illustr ate how = eciation should be used in the management of public a 


management of publicly owned utilities, which are 
upported entirely by user charges, such as water works and light and power 


plants, should inv ‘olve in general the same principles and financial Pt ea 7 


as privately owned properties, and will not be ‘discussed herein. — It is true, | 


however, that aside them are not operated under full adherence to these 7 


principles, 


In the n management of certain other publicly owned and operated ser services, = 


a which the highwa ay y systems ar are perhaps the m most prominent example, depre-_ 


ciation of the v various yus property units is an important | economies factor; but it is 


which bears quite a a different. emphasis than i in the case first cited. 


4. In this instance know ledge : about the rate at which the property units : must 


/ replaced is important to the a administrator i in 1 order to enable him to plan 


future development as W ell as as financial programs. ms. The emphasis I herein is upon 


financial and economic programs. 


4 Loom for the future and upon the development. of sound and adequate 


Typical of the 2 practices of most. highway departments i in the 


current funds, and w ith its 

tenance e expense, although it must continue in use for many years. Such “ 
practice undoubtedly accounts for the money, which may be all that the law 


* Director, Highway Research Board, National Research Council, Washington, D. C. 
E - Research Associate Prof., Civ. Eng., Eng. Experiment Station, Iowa State College, Ames, Iow: 
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DEPRECIATION PROBLEMS ; 


“requires, but it does not dai the a administrative official a true pi 


this 1 highway officis als have been giving much study 
during the past several years to developing systems that will enable them to 
account for the a am of the highway an and other property i in their charge, 


= same situations exist in other types of governmental service. The writers 
are relying principally on the highway illustration of their thought, since that 
a the business with which they s are familiar, but they emphasize that the 


illustration is applicable. to other activities of government. 
Funds for the operation of such public services are > secuged through 
tax imposts and direct charges to users; and i in 1 making his 1 rec commendations 


for financial support, the administrator is not concerned with making a a return 
‘ upon the investment but with providing adequate service in accordance with 


_ It is a fact that public accounting for governmental service does not usually 


distinguish betwe een running expenses and capital investment, but nevertheless 
some breakdown into cost factors is necessary for the highw ay planner. . De 


preciation is the most significant of these. 
»s ode It is desirable that public policy include some e recognition of the deprec “i: ation 
public property a as a means of effecting better financial management. Knowl! 
= of the length of service lives and of salvage values, Ww vhich are t the basis of 


the depreciation rate. , could be used i in the ‘management of p ublic services in 


many ways. A few of these are as follows: wl 
ee By application of the probable rates of retirement of property to the 
‘existing property, it to > the retirements to be made in 


with a a program of extension and Rathore ment pee may be used to formulate a 


‘financial program for the future. 4 


needed, depreciation i is an important element on which hich complete knowledge. 


should behad. 


shh. (4) Correct depreciation rates are necessary when making comparisons of 


highway costs with ‘other ‘modes of transportation. wy 


a 
In the case of highways the correct rates 2s of depreciation to use can be 
eetees by study and analysis of past experience. . This w work, along with 
other planning studies, is. now (January, , 1941) being done by forty-six state. 
highway departments i in cooperation with the U. 8. Public Roads s Administrs- 
tion. | As reports of these studies become available, reliable information will 


c: mining economic nego of wes tion of projects, as w ell as total rev enue 


be at hand on whi h to base estimates of depreciation and ony probable 
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ION PROBI E 


Although length of life money is the factor of greater 

portance in operating a publicly owned business composed of thousands of 

items of physical property, it is necessary to take account of the pr property items a 
“by ‘ordinary bookkeeping methods. On that account the public official must 

have a clear understanding of the nature of value and depreciation and of . 
Definition of V alue.—Once attention is called to the point, it is quite easy 

to understand that it is only | the anticipated worth: of ‘future: services that gives s 

value. to any property. Past services and earnings are just se so much ‘ “water 


gone by the mill.’ —_ estimate of present value in reality is is a forecast of 


future happenings, 
‘The fundamental basis of value is present worth of probable future i 
The fundamental basis of the fair value of each specific property| item is the 


present worth to its owner of the probable future services to be rendered by — 

the item during its futur life. 
ie item during its future service life. 


_ Manifestly, neither the number of future years of service nor the yearly © 


sin for services can be forecast with | certainty or exactness; nevertheless, 
every sale of property and every estimate of value are based more or less con- 
sciously on the present Ww orth of such anticipated future services as judgment. 
indicates to be most probable. — Reliable estimates of the values of industrial 
property units can be made only | on the basis of the sound judgments of f valu- 


ators, well qualified by training and experience, who 1 give careful consideration 
and such weights as are just and right to every factor in each case. — ate 
Depreciation i is negative value, to be determined ¢ at every date in the service 
life of a property unit by the sound judgment of well-qualified, impartial e: ex- 


perts as to its probable future service life and its probable future economic 


Definition of Depreciation. —The depreciation of any physical property unit, 
at any § service > age, is its loss of value, since its service started, due to decrease 
‘in the | present worth of its probable future earned operation returns, below what 
present worth would be if the unit were still new 
4 _ Thus, depreciation i is just : a a question « of values at different dates based on 
- forecasted (probable) numbers of years of future service » and probable values 


of the yearly services. Such forecasts can be made correctly only by the sound 


and who personaly e examine the particular units whose Aepresiations are seb 
Property units should be reexamined by qualified persons, from time 
time throughout. their service lives, and the estimates of the depreciations at 
different dates should be kept constant 4 in accord with sound current forecasts | 
of the eumeeuel years of future service and of the yearly "operation returns» 


judgments of w vho are qualified to the mortality 
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DEPRECIATION PROBLEMS 
DISTINCTION BETW EE DEPRECIATION AND MAINTENANCE 


Maintenance expenses are th those for keeping th the property units in good 


condition for use. Examples are the costs of inspecting, painting, g, and r rep: 
structures and | equipment. Maintenance expenses are paid from yearly 
7 income, and constitute part of the yearly operation costs. _ Maintenance cost. 

accountancy, therefore, consists simply in making accounting 
of the yearly maintenance expenditures. 

‘ 
Depreciation losses of value, ¢ on the other hand, are something w which cannot 
be made good in a physical w ay until new units are substituted for the de- 
preciated units at the ends’ of their service lives. Depreciation « expense 
accountancy, therefore, is a comparatively complicated process by which annual 
7 - depreciation expense allowances are ‘made each - year out of i income and used 
- (usually reinvestment in new property units for replacements and additions) 
to create a depreciation | reserve, w hich should be at all times just equal to the 
total accrued actual depreciations | of all existing property units. Ih this way” 


4 ‘the correct: annual cost is. know n and the > depreci ation reserve account hm 


the} true loss in value of existing property, y, from which, of. course, the present 
a] true v value of existing property is determined. a 


Use oF DEPRECIATION In P UBLIC ACCOUNTING 
Because of ‘the ti time-honored custom in governmental | accounting of staying 


7 strictly i in the cash 1 accounts, | depreciation of public properties simply has not 
accounted for. . Even for ‘Municipalities it is probably safe to. state that 


ei in recent years has there been any attempt ‘to account for depreciation of 
their electric, w ater, and other utilities. 7 In those few cases where cities have 
made allowances for depreciation in their accounting, there has been little 


attempt to determine accurate rates. he Oo 


_ When, therefore, mention is made of the depreciation ¢ of other public prop- 
erties, particularly those which do not produce direct revenues, immediate 
‘eRgeemen may | be raised on the ground that t the government is not ii in business 


for profit, is not compelled to its functions and solely 


_ must. be followed. | As governments more and more take over and enter into 
operations that mie be regarded as business enterprises, either competitive 
or noncompetitive with Private: interests, it is essential to ) adopt accounting: 
practices, equal to those that the government. prescribes for ‘regulated utilities. 
This will include the accounting f for physical properties, depreciation, operating 


NT. 
revenues, operating expenses, and the compilation of balance sheets and oper- 


In many functions, such as painting shops, wat 
: eee central purchasing bureaus, state garages, and municipal utilities (not 

all, of course), it i is probable that if all the costs were collected and reported 
it could be shown that such activities handled by the government could be 


aks purchased at less cost from private ‘companies. . Where there is, and where 
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"DEPRECIATION PROBLEMS 


ietermined by ‘accurate cost analysis and scientific evaluation of the a 
of the services. . Depreciation is a large item of cost in the - management of 
any business that ‘Tequires large investments in buildings and ‘equipment; yet 
it is the one that. government agents and the public. alike are p prone to forget. 
“= Engineers in government ser\ vice are responsible for the operation | of huge 
public works. _ Their future and the future of public works depend upon the 
showing they make. Yet generally they are deprived | of the opportunity of 
making a an n actual financial ‘accounting of their ‘enterprises because of laws 


ment accounts permit nothing but‘ “cash and carry” accounting methods. , The 7 
Sy 
engineer can do much to improve the | accounting | of governmental activities, 


those which involve his works. 


Within the length of this | paper there is opportunity to present just a mies ; 
gestion of what might be done for a state highway system—in fact, what has" 
been done, because the State of Kansas in 1941 completed a set of property _ i 
investment and depreciation ledgers for its primary system of about 9,200 miles. | 4 
i Obviously, before depreciation can be estimated it is necessary to sccount 
for the physical properties that depreciate. ‘. For highways, as as well as for other 
_ properties, it it is ‘necessary to adopt accounting units that \ will permit accounting © 7 
( for the properties by location and kind. If any system of highways is laid out 
‘into a 1 number of route sections with termini at more or less fixed geographical 
. landmarks, a number of basic units are e obtained, complex though they be, 
which will serve for ne antnee operations as well as for engineering and con- 
struction operations. — _ These route sections should be governed in length a 
municipal, county, ond state boundaries, route intersections, stream « crossings, 
abrupt changes i in 1 topography, character of trafiic, and construction 


Pi Within the route section it is necessary to provide for investment accounts 
on the basis of the function and character of the construction, with due regard 
to the retirement | characteristics and depreciation rates. Suggested classifica- 


tions are those construction accounts tentatively recommended by the Com-- 
mittee Accounting of the of State Highway | Officials. 


Roadway ay and drainage and earthwo ork 


Drainage s structures | and roadway earthw ork pre otective ee 
Roadw yay surface 2 and base (by roadway surface 
Improved ‘Shoulders a and approach surfacing 
Bridges, viaducts, and tunnels (by individual str ucture) 
Traffic and pedestrian services 


Roadside development 
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DEPRECIATION ‘PROBLEMS: 
accounting unit, as will observed from the foregoing 
is best chosen as the dollar, with a control in miles or square yards for roadway 
~ surfacing, cubic yards for earthwork, and other suitable construction units for 
other items. It is difficult to identity most of the physical parts of the high- 7 
ern... ay, so the average costs and the “first-in, , first- -out” theory must be used in in 
— accounting for cer tain retirements. Supporting ‘the accounts of each route 
section should be construction cost made up from the final payment 


available as much well-infor opinion as to 


=). - and the factors causing depreciation of highways as there are for certain 


% 


types of industrial properties, but the same basic ‘principles : and methods ‘should 
be used. As the highway systems are rebuilt, expanded, and relocated, data 
become available that can be analyzed by accepted statistical ul methods to de 


termine probable e average lives and life expectancies. Again, these methods 
To account for of ona basis is new; 
depreciation reserve s accounts and depreciation expense in ‘public’ highway ac- 
Seantaney until recently were W holly foreign elements. Because of a diversity 
ages, qualities of conditions, types of materials, 
oe of design, highway property lends itself to : a modified form of group 
7 malty a de accountancy. If each route section is considered separately, : all 
Be 8 variables can be investigated and the annual depreciation calculated for 


investment account for each route section. ith this br , total. 


and other items of annual cost should be 
‘Sections | that the true annual cost may obtained for of ty pes 


2 It is not intended that the foregoing treatment of depreciation in relation | 

to. public works 2 and public finance should set out any new - principles “of de 
-preciation: or accountancy. Instead, | a _ suggestion is offered that depreciation 
accountancy does have a _ place in government accounting procedures and 
ne finance. . ‘The full meal in any business of gover rnment is not paid for until 
2 ee ‘costs are properly accounted for. This is particularly © true of those 
functions or activities which produce a definite mee. or w hich are in sub- 

by 


In recent years there has of budgeti 
and public spending to i increase e the level of business activity. ¥ Know ledge of of 
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4 the , depreciation of public properties i is essential to a wisely made plan involving 

any one of these three ideas. A government spending or tax budget, and a_ 
building program, could be arranged somewhat on an even keel over a period 7 
- of year years if attention were given to the rates of depreciation of the several prop- 
erties of the public and the probable future needs. All too frequently, once 

3 money is is ‘spent for a , public» Ww orks or a public building, it is considered that no = 
future obligation will exist. Government buildings, no less the same as for 

7 private buildings, decay, | become functionally obsolete, and suffer for need of 

modernization. . Depreciation studies will bring out these needs, determine 
rates of losses in values, and become the basis of estimating annual sums neces- 

4 sary to provide the citizens with physical properties necessary to the proper : 


functioning of their government. Why, for instance, could not every state 
legislature, board, and about a constant sum annu- 


an 
"preciation is inevitable; a must and must t budget 


ws 


for it in the same manner as for other annual expense. , 
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STABILITY O1 GRANULAR MATERIALS 


» 


Results « of indies made for the purpose of developing a theory of f stability 
for granular materials, based “directly on fundamental laws of behavior, are >. 
"presented i in this paper. Some > elementary | linear solutions are obtained which © 


are applied the problem o of f estimating the » stability of earth dams. 


INTRODUCTION 


‘The primary pury 
‘laboratory tests with t the performance 0 of structures in the field. The stdin 
tion p problems for granular materials are . similar, in ‘many respects, to those for | a 
elastic materials. Methods for calculating the performance of elastic structures 
have received much attention and the analytical tools | for making the calcula- _ 


tions have been grouped into a “theory of elasticity.” eo Much of the theory of © 
elasticity i is built upon the postulates of equilibrium and of geometrical con- 


s? nubject to the relation between stress and strain imposed by Hooke’s 
law. It is important to note that simplicity of the fundamental postulates 
does not insure a simple solution of the correlation | problem since the elastic _ 


™ 
uati 
eq tions, in many cases, are difficult to solve ry dt 


The equations of equilibrium are as important for granular m alii as for 


elastic materials but it can be s seen readily that , the continuity c condition may 
not be appropriate for granular materials since these can often be — 


extensively without losing their properties game 


a In the elastic « case, it has been proved? that a solution to the problem a i: 
Stress is unique provided i it meets the foregoing equilibrium | and 


problem. These latter are at boundaries 
- conditions are known and, therefore, they are called “boundary conditions.” 
Pe Nore.—Written comments are invited for immediate publication; to insure publication the last 
discussion should be submitted by March, 1942. _ Opening discussion on this paper appears elsewhere in 

Senior F Engr., Bureau of Reclamation, Denver, Colo. 
Asst. Engr., Bureau of Reclamation, Denver, Colo. 
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GRANULAR MATERIALS Papers 


In the analysis to be described, equilibrium equations expressed i in terms of - 
dina have been retained. . The continuity condition is also retained w here 

the stress system is such as will prevent relative movement between grains, 
Where slippage between grains is possible, the continuity condition has been 
ot by a condition between the maximum and minimum principal stresses, 
This relation is the one commonly referred to as Coulomb’ Ss law, which states | 

that resistance to shearing is compounded of an intrinsic and a 
“frictional resis resistance proportional t to the ‘normal stress acting on the plar ine of 


-.: he trained engineer will find little that is new in this is description and the 

‘methods to be described are not ‘much more than a mathematical mobilization 

ad relations with which the engineer has long been familiar. The inducement 

for the expenditure. of effort, on analyses of the type described herein, comes 


from the possibility that the use of simplifying assumptions m may be avoided 
and the reliability of the results thereby enhanced 


— In developing -a mathematical approach to the solution of any physical 
problem, one is faced with the necessity of reducing the problem to an ¢ exact | . 


status by ‘means of specific definitions. It is usually n necessary to replace the 
material, which is almost never continuous, by an ideal continuous 


= 


material. Of course, it is s desirable desk, in: so far as possible, the properties of 
_ the two materials be identical. ’ In the present case, certain consequences of 
the granular structure of the actual material are imposed upon the ideal ieee 
limitations arise from purely mathematical difficulties. 
fh the theory of elasticity, stress i is defined i in terms of the re resultant fore 
across a small plane area within the body. In the present case it 
is expedient to — = concept because of the presence within the voids of 


water | under ‘Pressure. The term ‘ “stress,” as used herein, is defined as the 


by the area, and therefore excludes the pressures. 
_ To form the concept of stress in the granular material, pass a plane throng 


it it and find the surface that passes through no particle but which - lies : as close 


on the other at several welat, and at each of these points : a force i is transmit 


from particle to particle lee consider a small part of the area of the surface. 


be formed i in n the ons way. Since it is ; apparent that the diameter of the small 
area previously mentioned must be large compared to the diameter of a grail, 
in order to include enough contact points to yield a valid d average, a. stres 
- computation made for a point, as ; designated by coordinates, will represent al 


i aaaaiaes stress in n the immediate vicinity of the ) point rather than a stress ats 


e _ The stress convention is shown in Fig. 1 % Forces of grav vity, flotation, and 
7 friction, as well as a an additional body force which is ; indicated as due ti 
_ earthquake, are in included. | _ When it is desired to obtain the total 1 force trans 


mitted a across a section, pore-pressure forces must be added. pal: 


Conceptions of average normal wad shear stresses call 
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{— The solution requires ‘that ey every small element of volume must be in equi- 

e a librium under the stress resultants and forces that act upon it. In addition to _ 


equations of equilibrium, it is required that the stresses satisfy the equations — 
of elasticity in those regions s where the relation between stresses is such as will 
- permit grains to change their relative ‘positions, and ir in the Tegions where 
. this condition i is not. met, it is assumed that the relation between the oven’ 
a - stresses is such : as to1 make slippage imminent on the planes of least resistance. 


HA 


* 


zones in which previously s stated relations between stresses 
“4 exist and not as descriptions of types of material used in the structure. A 
solution consists of a distribution of ‘stresses expressed. as. a function of the 


coordinates x mand y y which satisfies the conditions as stated. oa 


a he letter symbols used in this p paper are defined where i first a 


and they are assembled for convenience of reference i in Appendix I. 
ite STRESS RELATIONS IN THE ELasTIC AND Pastic ZONES 


_ Let @ be the normal stress on any plane, positive when compressive, and w- 


the e shear . According to the theory of failure, which is accepted 


ou: 

— 

— 

ces 

— 

— 

al 

ppear, “4 — 

H 


he 
is true, for every plane at every point, ‘that 


C - 


‘cient of frietion, respectively, whose values depend upon the material; and it it 
is also true that relative sliding. of the material on the two sides of the plane i is 


Relations 1 1 may be Ww written in terms of the | function 


as follows: R= =0,R = 
= of the point and the orientation of the Pav * ye Ro be the minimum value of 


Rata given point. Then Eq. la, which is satisfied everywhere, is equivalent 


Plastic Region —At any point where Ro = 0 there one or more 
planes; it is found, that there are two, for vhich R= 0, and along Ww hich, 

* therefore, slipping is incipient. . At such a point: the material will be said to be 
? ; in the “plastic state,’ ” and any region at every ry point of 7 w hich the material i is in 

- the plastic state will be called a “plastic region.” an we 

a __ Elastic Region. —At any point es Ro > 0 there is no plane along which 

d slipping is possible, since R= Ro 0; and at such a point the ‘material i is 

assumed to obey Hooke’ and will be sald to bei in the “ ‘elastic state.” Any 


Asa a consequence of Hooke’s law, certain: conditions of compatibility are 

satisfied at all ‘Points of an 1 elastic ‘Tegion. a two-dimensional body these 
“conditions (which are discussed at 
length in works on the theory 


— are reduced to the single 


tions R and Ry may be in 


_ terms of the principal stresses or in 

terms the normal and heat 

stresses. Let and be the > prin 


2.00 


— Now 
AS 
and 
™ 
agi 
— 
The 
by 
the 
| 

— 
— 

— 

a the line of action of to the plane of 
Be 
— 


*e° 


sin2@..... 


“Then ; remembering that Ro is s the minimum of R at a given ‘point, and that at 
a given point o; and are constants, one finds 


9g 


= arctan (V1 

The two ) planes t thus defined form the acute angle, arc tan =, which is bisected 


by the line of action of o oi, the greater of the principal stresses. 


This m 


- the planes along which slip occurs, if it does occur. _ _ 
_ Other useful relationships, the derivations of sna are eee are: 


4 oy)? + 47 


eo 


and ) 
] After substituting Eqs. 5 in Eq. 2 and simplify 
7 
| nese are 
= 
— 
— 
— 
1 | _in which 6 is the angle measured counterclockwise from the : hecomputation ff i 


of and it it should ld be remembered, therefore, that: ‘is never negative; 


6 is referred alwa ays ys to o1, , the greater—never to o, the lesser; and @ is defined 
oe rs not by the value of tan 2 6 (Eq. 8f), but ; by the value of tan 2 @ and the algebraic 
7. sign of either sin 24 or cos26. If Eqs. 8a and 8b are substituted in Eq. 6b, 

the following expression for Ro is obtained: 


CoHESIONLESS MATERIAL 

The types of solutions available at page aan applicable only to a cohesion- 


_ less that is, one > for which = For such a material the 


or, in terms of oy, and Tay, from Eq. 


= A+ Eqs. 1 10 reduce to 


B+" 
= V(oz — (o. +4 

. a he equalities represented by Eqs. 11 are two ways of stating the utile 
condition, and the inequalities represent a relation | that must be satisfied | in 

elastic. regions. . These expressions imply, and it can be proved, that tensile 

stresses are impossible, that inside an elastic ‘Tegion neither of the direct | 

can vanish; also that inside or on the boundary of a plastic region, if either 
direct stress is zero, then all the stresses are zero. it follows that all stresses. 

"vanish at a free boundary, and it should be noted that any boundary r subjected 


“to water load alone is free, seein water pressure is continuous across 


Boundary Between Elastic and Plastic Region.—It is clear that, across 4 
‘boundary between an elastic and plastic region, the direct stress normal to. 
and the shear stress to the boundary are continuous, 


to the boundary is not , as ‘the boundary moves, 


there must be s sudden changes of stress at points on the boundary, and sudden 
"inovements of the particles, involving infinite accelerations. s. Such ganas) 
are to be avoided, and it is postulated, therefore, that all stresses are continuous | 


pers: 


series 
V, et 


Nove 
— 
-acros 
poof th 

T 

— 
— 

10) 

‘intl 
used 
¢ 

{ 
— slop 
— 
ee cr. st appears that the theory must permit such a boundary to move as the . 
ad 
— and 
— 

| 
— 2 
— 
4 


this postulate sony in 


V, ete.) are ‘ened to Tegions | assumed to be plastic and even ones (II, 
IV, VI, ete. ) denote regions assumed elastic. In every case it is assumed that 


the i inner | boundaries, those joining t two regions, are straight — - : The u use, 
in the. equations of inner boundaries, of arbitrary constants @ and B with sub- 
scripts: associating them 1 with ti the elastic region involved is also so illustrated. 
The corresponding terms for the outer boundaries (that i is, numbers ny and 12) 
pry in the equations | of the dow nstream and upstream slopes are constant, 
of course, for any one dam and are obtainable directly from known data. —— 
= Note that the problem, ; as illustrated, is cut into three parts in which are’ 7 


_ grouped d regions I, Il, _ TH, regions ITI, IV, V, and regions V, VI, VII. The 


‘separate parts are refered to as applying, respectively, to the ‘upstream toe, 
the dam, and the downstream toe. For each part a new system of axes, with 
‘its origin at the point ¢ common to all three regions and with the x and y axes 
parallel to and w the se sense of those III, IV, V, is used. Additional 


slope and then a new group is in tateadinniel at each point w have hove) is a ico. 


Equations AND LINEAR SOLUTIONS FOR ELastic_ ReGions A 
pa, The forces acting on nan el element of the material are shown ‘in Fig. 1. If 


the accelerations of the water are negligible, the equations of equilibrium a are 


— ; 


x 
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across the boundary. Of co case the properties" — 
of the material are continuc 
_ APPLICATION TO THE PROBLEM OF EaRTH-DAM STABILITY — 
2 The structure to be analyzed is idealized by dividing it arbitrarily into a — 
| 
— 
| 
— 
4 
= 
| 
— 
) 
— 
— 
| 


Papen 
: The three partial differential equations (Eqs. 3 and 12) ‘must be satisfied by | 
any solution for an elastic region. Consider a definite Tegion ‘% and make 


10n 


ens: th e general linear solution of Eqs. 3 and 121 : q 


hich Ari, Ari, Asi, boi, bai, and d3; are arbitrary constants. 


— a In general, however, one | does take the vertex or common point of all the 
- regions involved as the origin of the coordinate ie system. With this in mind it 


is evident that all stresses must vanish at t= =0, y= 0. . Then the solution 


in the elastic stie region reduces to © 
= Cri (ar + ar; 


= 


n 


nese expressions, the four a arbitrary constants a1;, d2;, b1:, and b.; will 


be determined, siti with a; and B;, by the boundary conditions along « = aiy 


inequality Ro > 0 expressed in Eq. 11) as" 


must be satisfied in order to comply with the definition of an elastic region. 


Equations AND LINEAR SOLUTIONS FOR PLastic REGIONS > 
In any Plastic region “2%” a solution must satisfy two partial differential 


— “tat and one algebraic equation; namely, Eqs. 12 and the equation. arising 
fro n the law Ry = 


This latter equation, called the plasticity equation, 4 
The general linear solution of Eqs. 12 and 160, in and are defined 

= — Cx (Cis +m — dui) (@ — 


oy = Cx e—nyte)...... 


— Cx = bis) y+ 


< 
Now 
in 
— 
and 
— 
wi 
— 
— ar 
and 
160) 
— 


N 1 941 


in which bis ij is by 
except that the foregoing solution does not include the case » corresponding to 


= C2; (y +e).. 


Try Cx: 
t 


(2 


- As for ¢ dentia walies, , the most important case is that i in which the esses 
assumed to at x = 0 such conditions, 


47 


in which biuis is s determined by Eq. 18. Note that a = n y these expressions 
yield = Oy = Tey = 0. Another useful case where Ci; = 0 is that in w hich 


all stresses are zero ) along y= =0. Then for the active case, 


and f for the passive case (in addition to Eqs. 22b and 22c) 


‘The condition that all three str stresses: vanish along the outer “boundary is 


sufficient to exhaust the arbitrary constants in a plastic region. ‘Hence the 
“solution i is then nen known completely i in an “outer” plastic region—that is, in a 
Plastic re region part of whose boundary i is part of the boundary of the structure. 
7 Slip Lines —The direction of the slip lines may be determined by i 7 


the two angles 6 and ¢ by formulas is already presented. “Howev ever, this compu- 


— 


— 
by 
ke — 
a) 
 inwhich 
) J ve 
that in each BS, 
it _ These are distinguished, whenever the two are different, by denoting that in 1g a 
“a which o; is the larger of the two values of o, as the passive case, the other as ae 
— 
7 — 
b) 
q 
— 
n) 
4 — 
— 
| 


MATERIALS 


pee a slip line, counted positive elockwise ~ Then the directions of the tw nae 
families of such lines are, 


|1 + 1+ del 
FOR Farore 


_In the plastic 2 zones the stress distribution i is such that : slippage is is s imminent. 


ds of 


direction of des may be t toward the foundation c or an n elastic zone e where : a reserve 
strength is available. Under such condition, no oslip. of significant 
“can 1 occur | and the structure is stable. — The existence of a plastic zone then 


‘means simply that the material in the zone has acquired all the load it a 


carry. Any f further load must be accommodated by encroachment on the 
reserve in the elastic zones by a readjustment of the boundary between the 
elastic and plastic zones. . How ever, if f a situation arises in w hich a continuous ~ 
slip line ¢ can be drawn beginning in one free surface and terminating in another, 
then there is no limitation to movement and a slide may be expected. |The 
a sliding failure may then be reduced to a question of ‘the possi- 


Stresses, in Thousan' 


« 
« 


the possibility of stability, no solution can be constructed. — Such a poe 

can be readily obtained, for example, by choosing too s steep a ‘a slope. In this 
case, the impossibility of constructing a solution is a definite indication of 
instability. . Cases. have | occurred, however, in which a failure to obtain a 
§ solution may have | indicated merely that no solution exists of the ty pe. sought. 
It is hoped that such questions may y be answered as. soon as ane solutions to 

the fundamental equations are obtained. 
er The type of of analysis: described does not lea lead t to an ev _— a hie of 
safety but to a determination of stability or instability. % An idea of the reserve. 


- _ strength available may be obtained, however, , by investigating the reserve R : 


anges : of loading v would be necessary to to produce the conditions for 


Example. f. Solution of a Typical Uniform Material Dam 1on8 Upstream 


and 1 on 2 Slopes, with Reservoir Fig. 4 shows the a 


oer ‘g Note that if the stresses are linear, as they are in the present solutions, then 

a an A, and A, are constants and the slip lines are two families of parallel straight + 

7 

— 

— 

rs 

— 
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Origin. — 
om IV, and V 


Orig in 
1, I, and T il 


BOUNDARIES AND DIRECTIONS LINES 


er Sq Ft. 


Stresses, in Thousands of Lb p 
an 


4 


— Stresses 50 Ft Below Base 


Height of dam, in ft 

Downstream slope 

q Coefficient of friction, 
density, in lb per cu ft, 


Regions I and VII: 
oz = —O27lyy 


Region IV a 


—0.244y) 


84 x + 0.008 y) 


Region II: 


oy = (0.176 x — 1.108 y) 
= 7 0.108 — 0.066 


oe = 0.099 (x —3y) 29 — 0.359 


oy = 0.344 y — 3 y) — 1.190 
= 0083 — 30) + 0.129 y) 


gion (Cu = = 0 and Ca = Stresses were com- 
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i) 
= LEGEND ip — “ry 
afm 

= 7(- 

v 
== — 
= 0.0857(@+2y) igh — 
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ee ‘region I, Cha = 0, Cos = n= 3. were computed by 
Eqs. 21, using the value of bis from Eq. 18 for the active case. ~<a) 
For region Il, Cis = 0, Cos = ¥. Stresses for r this” region are given by 
15. Ino order to evaluate the four arbitrary constants in these equations 
and the two arbitrary constants in the equations of the boundaries, the « direct 


7 and oa stresses were equated across the boundaries—that i Is, ACTOSS Z = ayy 


= Bet y. : This led to the six simultaneous equations, 
— 


Ba + — 0.27108 
Bo + bee 
(1 + be), ‘Bs + ans =0 
Qe A22 0. 09886 (a2 
bis Qe he = 0. 34432 (a2 3) 


| 


| + bee) Oe = 0. 03295 (a2 3) 


ie Eqs. 26 were solved and the numerical values placed in Eqs. 15. T he resulting 

expressions for oz, dy, and are given in Fig. 4. For a check of the 
which must be satisfied in any elastic region (see Eq. 16a), the point t= 

a y= —1 was used, from which oz, = 0. 311 yh sal 1. 108 y, Toy = 0.06 066 1, 

and B = 1. 7438; then (see Eq. 16a) 1.409 4 Oz + Oy (as required). 

Dam. .—For region nt the values determined in the computations f for the 

upstream toe were applicable. - This is true because of the fact that a shift in 

the origin | of coordinates, to to any point : along the boundary where all stresses. 


are zero, produces no change i in the expressions for stresses. Stresses for Tegion 
_V were computed by the use of the same formulas and data as for r region Il 
except that n= — 2. _ The stresses in Tegion IV and expressions f for the 


"boundaries were established by equating: direct poe shear stresses across 


= a y and t= = By. 7 The inequality was checked as at the upstream toe. 


Toe —Stress values fo or region were obtainable directly 

a from the solution for the dam. For ‘region VII the stresses were the same as for 

“of region I at the upstream toe. _ The work of obtaining the stresses i in region VI 

and of fixing the boundaries between regions was done e by equating stresses as 

before, only this time the boundaries x = y and x = = Bey y were used. 
hyve of the slip 1 lines ¢ as shown i in the various plastic Tegions, Pes 


Downstream Slopes, with Reservoir Full. —Fig, 5 shows the snail of the : oe sis 


and data used in the computations. An outline of the procedure follows. 


as horizontal and as having a hydrostatic spacing ‘The percolation 


function may then be wi written as De (y — H). gives =- = — De 

: for a value of vy + Dye of 120 lb per cu ft; then, C. = 57.6; and C; =0. 

The remainder of the solution is similar to that in ‘Example i. oo ae 
Dam am.—Stresses for 1 region III may be taken from the upstream toe solution. 
Real ion V, which is taken as dry, was aside as in Example 1. 1. , In region } IV 


. 


es, in Thousands of Lb per Sq 


Stress 


= 


> 


Perci 

--- 

Origi 

‘ 

— 

— 

— 

3 

| 

— = 

— 

otal 

f 


IH, and 


Origin 
VI, and VII 


+ 
a 


io 


100 FtHigh 
at Base of Dam 


——— Stresses 50 Ft Below Base 


‘Height of. dam, in ft 
= Dry density, in lb per cu ft.. 


Wet Ib per cu ft. 


| Stresses, in Thousands of Lb per Sq Ft _ 


A 


- = = 51.558 +20) 
10.140 x — 63.797 y 51.558 +2 y) 
Tay = 6.197 — 3.788 y 


19.833 (x —3y) gy = — 130.968 x — 146.390 y 


1.898 (cx — 3y) tzy = 88.7902 +60.195y 


5.—Tyrican ZONED Dam; ANALYsIS FOR RESERVOIR 

percolation pri pressure contours were ‘assumed parallel to the boundary: 

v4 Y, SO #0 the Percolation function was W ritten as 
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BOUNDARIES PERCOLATION PRESSURE CONTOURS vi 
AND DIRECTIONS OF SLIP LINES 
A“ 
i Regions Zand 15.092 2 — 35.711 y 
q 
— 
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_ The remainder of the solution i is similar to that hat giv en in Example 1 1. 

Downstream Toe. —Horizontal percolation pressure contours, spaced hy dro- 
static vertically, were taken in regions VI and VII. Then for these regions: 
C2 = 57.6; and = 0. 
Stresses i in region were computed for the dam assuming that it is dry, 
These same stresses were used w hen equating stresses across « = Bg y. This 
i 


involves no inconsistency because the stresses. for region VI are 
* contact stresses: and do not include the percolation pressure. — . The upws ard body | 
a S forces due to flotation below river-bed level in zone V, howev yer, are ‘neglected. 
The details of the re remainder of th the procedure have been given previously | 
_ By letting the percolation function in region V II be variable, its limiting 
~ value for ‘stability may be determined by j joining regions V and VII directly. 
4 This may be accomplished by equating normal and shear stresses across 4 
common boundary and solving for the value of the pressure in the percolation 
function. This computation has been made for various conditions and the 


results are given in Table 3, Appendix II. ein oO 


All present available solutions, of the fundamental equations that hav e been 
. ‘established | in this paper, are linear in form. _ This definitely limits the stress 
systems i in the various regions and makes mandatory a system of linear bound 
aries between regions. fore general solutions are needed to avoid many of 
_ the present limitations. The present linear solutions should be considered 4s 


_ representing a first step in the development of a general method of approach. 


those who contelbuted A. W. Adkins, E. D. Rainville, W. D. Dickenson, 
Ir, ,and W. H. Jurney. ' Technical ‘studies of the office ar are conducted under the 
direction of Ivan E. Houk, M. Am. Soc. C. E., senior engineer. ~All designs 
and investigations are conducted under the supervision of ‘Savage, M. 
NS Am. Soc. C. E., chief designing engineer . All engineering and construction 
. work is under the general direction of 8. O. Harper, M. Am. Soc. C. E. , chiel 
‘engineer, 1 with headquarters in Denver, and all activities of the Bureau are 
under the direction of John C. Page, ,M. Am. Soe. C. E. ., commissioner, W with 
at W ashington, D. Cc 
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= arbitrary constant. (bus, bei, ete.); 
Ce “cohesion; also arbitrary constant (Chis Co, Csi, ete. 


De = “density of Ww water; 


d = = arbitrary constant doi, dai, , ete.); 

ee) = ratio of voids to total volume; 

f = = - coefficient of internal friction; 


ide 


= = depth of water in. reservoir; 


= horizontal earthquake acceleration force expressed as a force per 


mi, N2, N3, etc. = arbitrary constants in the equations of the outer bound- 


Ro = the minimum of R; 
and y = rectangular coordinates; 
die arbitrary, constant in the equations of the inner - boundaries: 
7 = dry weight per unit of volume; 

= = an arbitrary constant; 
6 = angle of the z-axis to the line of action of a1, counted positive — 


= tangent of the angle 

= normal component of stress, positive when compressive; = 

stresses: planes normal to the sand y axes 


= = shear stress in of z on plane normal to y; 
angle from the line of action of to under 


ee 


= angle from the 


il 
— 
| — 
y 
| 
| 
— 

| 
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7 = | 


ra 


acceleration— 


Wet density, 
. = of 


lb per cu ft" 


for) 


2883 


$2 00 


J 


| 


AI 


I 


S190 


BANSO 


SS 


Swart: 
WS Hoc 


e the stability of slopes in the following 


nstream ‘slopes of dams the point where line 


emergesy; 


NWP OID 


‘Upstream slopes following a a rapid draw-d 
tons of cuts or fills when saturated. 


TABLE 2. “SLOPES FOR ‘Various VALUES OF C; 


oF C1: 


0.35 
7.83 


29 
2.65 
3.30 95 2.53 
3.00 | 2. 
6 d AT 
7 05 
0.109 
a - of 
| 
— 
| 
— Table 1 can 13 
ages: 
Bases: | 
: 
“oon [ oxs | o2 | o2s | | ows | om 
| 0.05 | 0.10 3.67 | 4.50 | | Ba 
| 2.98 2.71 3.29 | 3. 1 4. 4.27 | 5.26 
— ZZ 
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The type of failure contemplated is shown in Fig. 6(a) to consist of a 
- sliding « of material down the slope. _ The fill material is assumed to be cohesion- 
Tess. _ The percolation pressures are assumed to have a amie distribution 


November, 


Percolation Pressure Contours, 
Slip Hydrostatic Vertically) 
Earthquake 


=" 


of earth dams under ‘ ‘reservoir full” condition 
TABLES 
dry | | oeo | 
(a) SLOPE on DowNnsTREAM Face, 1 on 2 (©) Stops ON DOWNSTREAM Face, 1 ON 4 
97.78 104.89 108.02 110.03 101.55 105.61 108.32 | 110.16 
100 | 120 4 00.87 108.76 (112.25 114.47 105.02 109.56 112.57 | 114.62 
06.45 115.14 121.42 111.06 116.02 119.33 121.59 


1 
10] 1275 | 1 
120| 135 | 112.04 . 51 | 125.70 128.37 117.07 122.47 126.09 128.55 
142.5 127.89 (132.42 135.32 128.93 135.51. 
ij 


(6) Stopz on Downstream Face, 1 oN 3 


115 


101. 


mt 105.47 | 108.25 | 110.13 | 115.00 | 115.00 | 115.00 | 115.00 
| 104. 109.41 114.59 | 120.00 | 120.00 | 120.00 | 120.00 


_ 10} 127.5" | 110.66 | 115.85 | 119.26 | 121.55 127.50 | 127.50 | 127.50 | 127.50 
120 116.63 | 122. 30° 126.01 | 128.51 | 135.00 | 135.00 | 135.00 | 135.00 
130) 142.5 | 122. 60 128.74 132.76 | 135.47 | 142.50 | 142.50 | 142.50 | 142.50 


“ 


The shown in Fig. 6(b) t to consist of a sliding 

of material down the slope. - The fill material i is assumed cohesionless. The 
_ percolation pressures for saturated slopes a are assumed to have a hydrostatic 
distribution in the vertical direction. Then numbers in Table 2 represent the 


steepest slopes | that can be expected to remain stable under assumed conditions. | 


| 

Earthquake 

in the vertical direction. The numbers in Table 1 represent the steepest 1 ae 
__slones that can b cpected to remain stab oder assumed conditio 
4 

— 

4 


The quantity C1 is defined for wet 


Fraction of gravity X wet density 
Wet — density of water 


_ Table 33 is s useful for evaluating the effects of excessive ‘uplift « or percolation 
; pressure gradients at the downstream toe of earth dams. Iti is also useful for | 
the intensity of upward percolation pressure gradients 1 necessary 
toproduce piping: 
_ The computations indicate that a slide should occur at the downstream 
before actual ‘piping is observed. However only a small difference is 
4 indicated betw een | the gradients necessary to cause sliding and piping, and, if 
the conditions were local, it would be reasonable to expect the } piping phenomen 


The individual entries in Table 3 are the upward percolation pressure 


in per | cubic foot necessary to as in 


— 
= 
— 
— 
| 
— 
— 
— 
to 
| 
set 


DATIONS 


The theory of timber friction pile charles ‘pres sented in this paper was 
dev veloped i in \ connection on with pile tests on the Morgan za Floodway i in Louisiana. 


Tt may afford a means of determining, | with reasonable accuracy, the safe —_ 


to impose on groups of p piles i in any arrangement, and of : any length, from data 


secured by the loading to failure of one or more individual friction mead at 


- Many large a areas of land i in the United States on which structures i imposing 
heavy foundation loads are constructed are formed of silty a and clayey materials, 7 
' being delta deposits of the larger streams. : Sandy deposits or other such firm m 
_ materials suitable for the support of heavy concentrated foundation loads are a 
&§ ‘ frequently found at such great depths below the surface of these deposits that 
) itis rot economically possible to construct foundations that bear « directly on 
the firm materials, | or that are supported on point bearing piles driven into these 
firm materials s. Moreover, timber piles, which are relatively inexpensive and 
> of remarkable durability when embedded entirely below the ground \ water, are- 
, bd becoming increasingly scarce in the longer lengths required to reach such firm 
4 bearing strata. . Consequently, many existing structures are supported on piles | 
embedded in the overlying silt and clay materials. is ‘is becoming more and 
more important, therefore, to find some reasonably ‘accurate method of de- 
‘ termining | the safe carrying capacity of single piles 2 and groups of piles that d do se 
‘not reach point bearing in a firm stratum, but depend instead for their support 
entirely upon | the adhesion of the surrounding clay -_ ™ to the embedded — at 


piles, ‘popularly called “friction” piles, are the subject of in 


-_ by vertical shearing stresses, which are greatest in the soil at the periphery o of 
the single pile or of the pile group. 

Nore.—Written comments are invited for immediate insure the 


discussion should be submitted by March, 1942. 
Cons. Engr. (Modjeski & Masters), Harrisburg, 


ial paper. The adhesion that supports them transmits their load to the soil sa 
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3 ILE FOUNDATIONS 
The tip | of a “friction” ? pile | delivers. practically 1 no load in bearing, so so that 


ye load- -carrying capacity of a single pile is dependent upon the length of the 
The pile, the diameter and taper of the pile, and the shearing strength of the soil. 


_ pressures from the weight of the ereertnets materials. _ However, due to the no 
‘that the butt diameter of timber piles is larger than the tip diameter, the load 
delivered to the soil per unit of length of a timber pile will usually be aed 


at the butt and smallest atthe tip, 


lag ‘Load tests have shown that pile-driving formulas, in which the w weight. a 
the ram and the blows per foot: of penetration : are used to determine the carry ing 


capacity of the pile, do not apply to friction. piles, probably because the. charac- 


4 teristics of f clay or silt during driving are different from what they ; are when the | 
e is at rest in the e clay ot or silt. Static load tests, v which simply n measure the | 
‘ load that creates : a predetermined amount of settlement within a fixed amount 


~; ; piles, w dich | is measured rather by the shearing value of the soils in w hich ‘the 
_ piles are embedded than by the compressibility of the underlying materials. — 
it has long been known that an average individual pile i in a | group arrange- 
— = of friction piles does not have the same car. ying capacity as an isolated 
"single pile and that the arrangement and spacing, center to center, , of the 
4 piles i in a group affect the load capacity of the piles. Because of the lack of 
tests to failure of gr group arrangements ; of friction piles, « canta with indiv idual_ 
a friction piles driven in n the same character of soil, there has been little or no 
comparable information available concerning the supporting capacity of single 
3 piles and piles in group arrangements w ith varying spacing, from which a theory 
might be developed the economic friction pile 


: Floodway i in order to most 

design of these structures, which are being erected by the railway lines, the 

_ Engineer Corps arranged with the railway companies to make tests of various 


 Thela locations of these tests, along the lines of the proposed railway structures 
with relation to borings and subsurface investigations, shown in Fig. g. 1. 
it excludes those tests carried to point bearing and hows «1 only, the tests of 
- timber and concrete friction piles that were loaded to failure. © The soil above - 
the “sand line” in Fig. lis of approximately uniform quality. along the ‘Flood- 


w vay, consisting of successive § strata of loam, silt and clay, and mixtures of those 


materials. At the Port Allen (La.) Branch Crossing (not shown in Fig. y), 


sand | line. The: driving show that until a pile had reached the sand 
stratum, w bene it came up suddenly, the blows per foot increased only gradually 
_ with penetration, and the borings and water-content records all indicate a 
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FRICTION PILE F 


Papers 


: 16-p 

ations. All the materia above the : sand 1 stratu tum are of ‘silty, ‘lay. like of sit 
_ The pile sizes, driving records, and failure | loads of the friction piles tested as 


‘TABLE. 1.—Summary or Sizes, AND Driving AND Loapine Data, 
Friction Pires Test ED TO FAILURE 


to failure, both timber er and | concrete, are given in Table 1. Actually, many “ 


in 
In.¢ ooT Ave- AILUR 
| Weight¢] ra- | Con” isettle-| 
No] state | wast} ment) 
Butt/Tip| length/| foot | tons)2| | area | | Loadé | fric- 


52.2 
50.5 
50.5 
63.2 92.0 
16.56| 8.87] 2.25 27 | 13 | 50.0 
16.80| 8.35] 27 50.0 
, 
16.50| 8.50] 2.1 25 | 12 | 50.5 
15.91] 8.10) 2.1 20 10 50.0 


-in. HOC OR on) 452 238 | 77.5 609 joa 0.351 | 210 | 
7 46.5 
(c) New Orveans, TEXAS AND MExIco ay Crossine (N. 0. T. & M 41.5 
c1 22 | 58 | 79 | 51_ | 415 |0.360| 87.5 26.5 
C2 | 30-in.HOC| ... 42 |493 | 196 | 81.5] 669 | 1.329] 127.5 21.5 
| UYP | 4 18 0 | 195 | Failed 16.5 
UYP 6 | 11] 13 | 50.4] 179 | 0.042 
UYP | 15 | 59.5] 214 | Failed 
UYP 6 | 14] 16 | 59.7] 219 | 0.231 
Pp’ UYP 3 | 30 | 30 | 85.0} 295 | 0.023 36.5 
9 | 224 | 0.032 15 
3 | 8 | 9 | 83.0] 283 | Failed 
‘T37-52| UYP ‘56 4 | 13 | 60.0} 203 | 0.236 51.5 


2C = ‘concrete’; T = “timber”; T37-52, etc., = timber piles T37 to T52; that is, a 16-pile group. 56.5 
i © -bYP = yellow pine; U = untreated; CYP = creosoted yellow pine; HOC = hollow octagonal concrete ried 
. pile; and SOC = solid octagonal concrete pile. * Average for the group. ¢In thousands of pounds per ¥ 
_ pile. ¢ Vulcan type of hammer; OR = manufacturer’s number. / Blows per foot with pile half driven. funds 


9 Safe load, in tons per pile, by * ‘Engineering News” formula. * Average permanent settlement, -” 
unloading, in feet. ‘In tons per pile. 4 In pounds per square foot of contact area. ae we) bade 


_ tests, not recorded herein, were carried to ¢ load just sufficient to meet the 

_ requirements of standard specifications for timber pile tests—that is, to a load 
a that would not produce a a settlement of more than 3 in. ina period of f for rty-eight 
hours. However, some the early ‘group arrangements w so loaded 


cated that piles i in n a group did not have the capacity as s indi- 

eo vidual piles. _ Accordingly, the Corps of Engineers, when requested, agreed to 
a load to failure one additional individual pile, and two 9- -pile groups, all of which 
Fi mad been previously partly | loaded, and in addition to drive and load a new 


settled beyond these specification requirements, and in § Te) failing clearly indi- 
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XAS AND FACIFIC RAILWAY, MAIN LINE CROSSING (1. & P, 
“in. 389 | 2.021] 117.5 | 604 

C2 | 24-in. SO 335 | 1.826 | 117.5— 

418 |2.513| 117.5 | 562 

HH 762 |0.032| 210 | 551 

Cc 

T14-17| YP an 165 | Tip- | 50 610 

| YP 165 |1.510| 70 | 

YP 158 | 0.049} 40 [510 

ic. 

66.5 

- were | 

the bi 

contir 

plum 

4 

— 


ments ‘The behavior r of these three groups was | similar; 


TABLE Rec FOR INDIVIDUAL TIMBER Friction Pies, 


Total! Settle- 
ment, | ment, load, | Time | ment, load, 
(hr:min) | (hr:min) in (hr: min) | in’ | (hr:min) in 


(a) T10; Pox T18; | Pun T20; 
39.5 Fr Lona 50.5 Fr Lona Fr Loned 


0 
0.004 
0.004 
0.006 
0.006 
0.008 
0.008 
0.009 
0.009 
0.009 
0.010 
0.011 
0.012 
0.012 
0.013 
0.013 
0.015 
0.017 
0.017 
0.018 
0.018 | 46.5 
| | oe: 025 | 32: 0.025 
0.021 5:25 j ! 

0.026 
0.026 
0.027 
0.028 
0.029 
0.031 
0.032 
0.037 
0.038 
0.039 
1.510 
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0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 

0. 
0 

0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 

0 

0. 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 


3333 


{142:50 
144:00 
144:30 
147:00 
149:00 
149.00 
149:10 
149:30 
149:53 
149 :55¢ 

. 


ua & 
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pile T18 (Table 2(b)), which is T. & P. Crossing. Several intermediate readings where there 
Were no time-settlement changes have been omitted for brevity. % This pile settled under 70 tons until 
the bracing system rested on the ground. ¢Failure. ¢ Pile T20 did not plunge sharply; but because it 
continued to settle under the 100-ton load, at least partial failure occurred. ¢ Readings incorrect; pile not ; 
plumb. / Rapid settlement. ha Further settlement was prevented by the shoring under the loading blocks. 


4 
November, 1941 
— 
ile group so as 
‘ 16-pile group so as 
| d a 
Loapep To Faiture; N.O.T. & M. 
in 
52 Fr Long 
5:45 
32:00 
35:00 
38:00 
41:00 
1:45 
75:20 
32:00 
75:20 | | 36:00 
75:30 | 55 38:00 
72:50 | | | 40:00 
75:50 | | 40:00 
) 75:50 O11 | 60 | { 42:00 
75:50 | | |_| 44:00 
75:50 012 | ‘| 44:00 
75:50 | M012 | 65 | { 46:00 
75:50 | 0.013 | |_| 48:00 
( 76:00 | 0.013 | | 48:00 
| |161:00 | 0.044 | (e) Rerest, Pre T34; 
| (185:00 | 0.045 | #83 Fr Lone 
185:30 | 0.040 | 0 | O — 
185:40 | 0.035 | 55 | .... 
188:10 | 0.029 | | {21:45 0.047 
188:13 | 0.028 | 80 | {24:45 | 0.051 
188:18 | 0.027 | 29:25 | 0.051 
188:20 | 0.027 29:25 | 0.056 
188:25 | 0.026 | \38:25 | 0.059 
198:00 | 0.023 43:55 | 0.063 
d (126:00 | 0.023 | ™ 0.040 ....] .... | | | 0.063 
| \134:00 | 0.025 | .... | 110 87:25 | 0.199 
| 
h 
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3.—Test Recorps For Groups or TIMBER FRIcTION PILES” 


LOADED TO FAILURE 


7. & CrossInc 


5 


f 77: 


load | Time, Settle- Time, 
in ment, | p | in | ment, 
hr | i i inft | pile | hr 
a” 
| « 


2) 


otal Load o 


(a) T21-T29; (© Puss T4-T5; | Pues T14-T17; | (¢) T20-T27; 
N 60-Fr Pues | Two, 50-Fr Pines Four, 50-Fr 50-Fr 


66 


357 + 23 (Fig. 1), 


a 
16 


o¢ 
= 
Ps 


S 


ile Group at 


After F 


. & M., 


Ce) 16 


PILES T2-T9; 
0.0364 (continued) 


»f 498 Tons; 


ile T1, N 


(6) Pues T2-T9_ 10. : 0.0495 
(continued) al 


23, a 
(0) Pres T2-T9; Ercut, | | 0.012 
|. %05-Fr Pum 45, 
| 0.014 | 35.3 
0.017 | 
0.018 


LURE 
Total I 


Tests Tro Fat 


ILE 


b AE and retest group T11-T19, plotted in Figs. 2 and 3, are not included in Table S.. 

: = — 243 days, no appreciable increase in settlement was observed. ©The group was leaning, 

x ting 0.082 ft toward a corner having the piles with the smallest diameters. ¢ Load was now removed _- 
: 3 aeeuse of the steepness of the settlement curve. ¢ Group failed by tipping and breaking piles. / After — 

weeding, the group had an average permanent settlement of 0.042 


Data for groups T37-T52 


— 4 
‘FRICTION PILE F smallest’ di- 
| having the smalles 
‘side generally with it in a dished 
r a side g surface with i 
ing towarc d down the imum vali 
‘failed failing carried d having a max 
he 
ile 
tons 
( 
0.005 | 20 0.011 | 22.5 |16:30 — 
| 10.013 | 19:30 | 0. 
ly 0.008 | ox | |22:20 | 0.019 
| 0.019 | 26.25 | 38:30 | 0.021 
5:00 | 0.008 12° 30 0.024 | ‘|37:30 
| 9:00 | 0.009 30 |fi\is 30.0 | 440:30 
j 1 | 193 0.009 16 | 0.0 0.026 | (43:30 | 0. 
1 | 23:00 0.011 | 4 18 |0.014 | 027 43:30 | 0.027 
20,3 oo1s | 35 | 26 | 0.028 | 46:30 | 0.027 
243 | 012 | 20 0015 | 029 | 33 75 9:30 | 0. 
| 10.015 26 | 0. 33. 49: 0.032 
243 0.012 | ay 24 |0. 0.029 55:30 | 0. 
53 5:00 | 0.012 | 0,034 — | 
| o.o21 | 4° | 32 | 0.0305 | 38:30 0.034 
28 | 0.021 q 034 37.5 | 461:30 | 0: 
30 0.022 34 | 0.035. | 37.5 | coat > 
32 | 136 | 0.0355 67:30 
34 | 0.024 38 | 0.036 70:30 | 0-044. 
38 |0. | 40 82:30 ‘0485 
40 | 0.0: 85:30 0.04 ; mie 
a 
251 | 5:00 | 0.0303 | 
‘os 19: 0.0 4 
508 252 | 23: 
= 
— 
— 
a 
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‘Time, ‘in Hours Time, in in Days, Total from if 


succe 
reacl 


Da 


060 


Feet, 137-T 


1-38 1-37 
ome) 

T-42 1-41 

1-45 

ome) 

—_— GROUP PLAN _ 


0.268 Ft at 50.5 
Tons per Pile 


Failure at 42.9 Tons per Pile 
- Under 50.5 Tons per Pile 


hed 0.268! Settlement at 254 


Settlement in 


Lead, in Tons | per Pile : Time, in inDa S 


Average of Group Tll 9 


= 


T19 T17 Ti2| Group Failed by 

O O O p-leaning Toward 
T13 T15 T11 
T18 T14 T16 


- GROUP PLAN 


| .237 Ft Settlement _ ‘Reached 0.237 Ft Average 
| at 56.3 Tons per Pile it Settlement at 8.9 Days” 
4 Fie. 4 PILE Group Tu- T19; 60- 30-F'r PILES; NA 0. 0.T. & M. Crossina 


— 

— 

im 
— 
— ure, 
4 7 with 
0 lige ow | 
— Average of Row and 

tai 
Niet Me | 
Ee if | “its 


As illustrated i in Fig. * the test loads were applied in te form of long, — 
“narrow, concrete blocks completely spanning the group and laid crosswise in 
successive layers. ‘They were applied in increments until failure had 
_Teached as indicated by “ plunging” or by a continuation of settlement with | 
time. These concrete blocks were supplemented it in the case of the 16-pile , group 
by additional loads in the form of water tanks. _ Settlements were measured 

“accurately from bench marks in the ground ‘surface that w were far enough from 
- the groups not f to be influenced by th the loads. — 
a, The results sof all tests, to fail- 
of timber piles plotted both 
with relation to the load and 
as W ell as to the time 
and settlement, are given in TAPERED ConcrETE 


Tables 2 and 3 and Fi igs. 3 


lle} Leng 
in circles are the total Crossing 


No. 1 : Crossing 
T 
‘Toads per pile, in tons. he he num: | 


~ bers on the ¢ adjoining ¢ arrows are N.O.T. & M. |T10 
N.O.T. & M. |T20 
load increments. These tests all N.O.T. T34 

demonstrate that larger groups 
or Ailen 


fail by plunging. Table 4 gives @ In pounds per square foot of embedded area based on the _ 


fail more slowly than smaller a Average 


average diameter, = = 
the skin friction values at fail- 
ure for each of the timber fric- 


tion piles loaded to failure, and for ea each of ‘the concrete friction om loaded 

A The parallel- sided d concrete piles, when loaded to to failure, did 1 not develop e 
the same supporting capacity per unit of embedded area as did tapered timber 
piles, although one would assume that the frictional Tesistance of the s surface 


; smooth surface of a reo pile. 
of the tapered timber pile or ‘some very favorable stress distribution 
‘ite sides due to the taper. _ ‘The average skin friction of all tapered timber piles" 
loaded to failure in this series of tests was 778 lb per sq ft of embedded area, 

whereas the av rerage for the parallel-sided concrete piles was only 558 lb per sq ft. 


NotaTION 


lowing notation is used 1 in this 

length of pile as driven; 


= diagonal distance from point to point in at which pressure 


November, 1941 FRICTION PILE FOUNDATIONS 1665. 
| 
| 
| 
| 
| 
| 
| 
— 
{.|\C2 | 380 
C1 | 604 
3 | 562 
Co | 551 
q 
ia 
— 
2 
— 
— 
| 
ential 


= ra = of tend per linear foot ae pile at top of pile to 
delivered per linear foot ot at bottom of pile; 1 
= radial distance from ¢ pile c center to point in ground; © ; 

unit vertical shear perpendicular tor; 
= unit horizontal shear parallel to 2; 
Z= = : depth from ground surface to eadet in ground above pile tip; — 
77 = = depth from ground surface to point i in ground below pile 1 tip. — 
THEORY oF Friction PILE BEHAVIOR 
= "Various theories and pray for the distribution of the load delivered by 
* sie to the soil were considered in this study. An attempt was made to apply 
_ some simple rule for the distribution of pile loads like the straight-line distribu. 
‘ tion at 60° to the horizontal that is common in some specifications; but this 
Point Load, P” 


| 


| 
| 


| 


Point in Soil at Which 
Pressure or Shear 
ds Desired 


pointed to the did the test result 
appear 1 to check the formulas proposed by R. D. Mindlin, 3 Assoc. M. Am. Sor. 

Cz E., , which | prescribe tension in the soil for loads applied beneath the > grouni &§ 
‘surface. Only the classic Boussinesq formulas for the distribution of pressutt a 
through homogeneous material beneath a point load, when expanded for appli 

a cation to a line load, were found to check with the test results. If further test 

are made, they may reveal that some simple and yet reasonably approximat? 


_ 2“Force at a Point in the Interior of a Semi-Infinite Solid,” by Raymond D. Mindlin, Physics, May, 


— ~ 
‘The 
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— 


— 


i 
= 3 
| 
if 
aq 


FRICTION 
1€0 e applicable. The  Boussinesq po t-load. 
been used frequently to determine pressures beneath buried foundations, and : 
W yhich were made the basis « of the following analysis, are as follows (see Fig. 5(a)): 


The unit vertical p pressure e (parallel to the ‘g-axis) i is 


Laan 


‘The unit vertical — perpendicular to 1, is 


The unit hor il pressure rallel to r (if Poisson’s ratio for the soil i is 0. 5), j is 


The unit hori 


The unit hor ———e shear, parallel tor r, ‘is ‘numerically equal to that i in Eq. le. 
A friction pile to the soil a vertical line of load through vertical 

"shearing stresses, developed at the surface of the pile, to result in bearing 
pressures beneath the pile and shearing stresses around it. _ It was, therefore, — 

‘teary to expand Boussinesq’s point-load formulas for pressures and shears 


by integration to apply to such a vertical line of load. These integrations | 


follows 


: pre Vertical Shear at Radius “r” from Pile. —If the load delivered to the soil 


per linear foot of pile varies na some value at the tip to R. t hat value 
at the butt, the load ad delivered by any circumferential band of — dz 2 (see 


Fig. 5(b)) x may be regarded as asa ‘point load having the value: 


R. + Z) + 2 (Re — 1) ara 
Based on the Boussinesq formula, 


the vertical a above the tip at Zi 


cm (2-2 


(Re 


| iii 
$ 
zontal shear, parallel to 
| 
— 
4 
4 
(2b) 
It: 
4 
o. 
— 


Papers 
Vertical Pressure at Radius ‘ ‘" on Azis of Pile of Radius “r. —If the 
load delivered to the soil per linear foot of pile varies from some value at the 


- to ‘Re times that —_ at the an, » the lo load de delivered red by any circumferential 


1) 


L (Re + 1) ° 
Based on the Boussinesq formula, 


the vertical pressure a a above the tip a at depth, Z is 
6 


qv On 


7 2 
x: 2P dz (LR. _ZRe+ 2) (32 24 


P= 14& Li) P 
+ +1) 


Applying the limits of Z; and In, the vertical pressure sata ‘Point belo below the i 


+1) [Se + 


+ yrs 05 loge 


Wwe 

— R, Ly) (8141+ 29%) (Re _ 


For pressures on the axis, use a value of to the radius be 


— for 
ver 
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1941 FRICTION PILE FOUNDATIONS 
ae determine the vertical pressures around a pile, assuming it to be a a 
F vertical line of load, ‘and setting r = radial distance from the pile axis. ae 
The ratio “R,’’ introduced in these integrations: produces flexibility i in the 
theory a As applied to timber piles, it takes account of the natural al pile taper 


_ SUMMATION OF VERTICAL SHEARS AROUND 
PILE GROUPS AT MID-HEIGHT OF PILES: 


121 


Fre. SHEARS on Pounps PER SquaRE Foor) Unper Loaps or 10 
L= 60 Ft; men at Butt and Tip, 14 In. and 8 In.; 4-Ft Spacing; and Re 


as Ww ell as the friction of the soil. hen on timber friction 
pile is w ithdrawn from soil after having been loaded, it is generally coated 
wi ith a thin film of the material, , indicating excellent a adhesion between the ile 


and the soil, and d showing that | failure occurred by the soil. f the 


— 

the 
— 


> 


shearing ineatn of the soil were cheatin from butt to tip, the load delivered _ 
by shear to the soil per linear foot of pile would vary with the diameter and ds 
_ would be greater at the butt than at the tip. - Since the shearing strength ofthe — 
- soil is slightly increased from butt to tip, however, as a result of a build-up of 
eon friction due to | greater horizontal earth pr pressures toward the tip, this 
J ratio of butt load d to tip. load per ‘linear foot of pile will be somew hat less than 
the 1 ratios of the diameters, and may be represented by the factor R., which © f 
appears in the pile formulas. . This factor i is a function of pile length, pile taper, 
and internal friction of the soil. 
_ The shears existing around a single pile, a 9-pile group, and a 16-pile group, a 
using the derived formulas for vertical shears, are 


ILE 


1 PILE 9 PILES 16 P 


at Point O in Ground 


1, at Poi 


= 


= 
= 
3 
21.5 
A } 
= 
a: 
NG. 
a 
== 
‘Rie. 7.—Unir AROUND A SINGLE FRICTION Pun = 1; P =1; > 
Fig. 6 6. The s shears are are ‘based on the assumption 1.5 which value 
substantially checks the test results for timber piles. - The computations wert = & 
~ 


facilitated i by the use 0 of the curves of f Fig. 4, in which the general shear formula 
(Eq. 2¢) i is plotted for va various depths coud s a pile of unit length and under 
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PLANS SHOWING SUMMING UP’ OF VERTI 


PRESSURES BENEATH PILE GROUPS AT PILE TIPS — 
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pacing; a 
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14 In. and 8 In.; 


P, 
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Pres (Diameters at Butt and Ti 
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a 
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Lines of Action of a 
Other Pile Shears 


AV 


—~Contributing to 
Critical Shear on 


Corner Pile 


Pressures A 


HEARS AND 


ERTICAL 


je 


~ CRITICAL SHEARS AT FAILURE LOAD 


KEY PLANS AT MID-HEIGHT OF PILES SHOWING - 


 g > 
tae 
— 
— 


of one unit. To find | the shear around a pile | any length under a 


load F P, , multiply thi the vertical shear from these curves s by the the factor =: Fig.6 


shows that the vertical shear effects overlap w when piles are placed near each 


other, and— ‘result in maximum shear stresses on the outer surfaces of the 
perimeter piles in a group, which are greatest 3 at the corner piles. | Hence, failure 

- likely | to occur by the development c of excessive vertical nes on outside the 

edge or corner piles. _ This was in as indicated by the Morganza test tests when a group 

failed by leaning tow ard a side or corner. hey eres eg, 

- Consequently, it is a basic assumption of the design. method described in 

- this paper that small friction pile groups fail when the corner or edge piles 

break loose by shear failure from. the bulbs of pressure that would otherwise 

distribute the pile loads safely . Larger groups than those tested m: ay settle 

asa result of consolidation due to vertical pressures under the center of the 
group al and may be inv vestigated for “this condition by the formulas for vertical 
pr essure (Eqs. 3c and 4b). Howe ever, in computing the load~ -carrying ¢: pacity 
of any_ arrangement of piles, the group should first be inv estigated against 

failure in shear along the outer piles. = 

2a For the purpose of - illustrating the contribution of shear from each pile in 

% group to the shear on the outer piles, : and the further fact that the shear st 

_midheight of a a corner pile of a group is most critical, the shearing stresses under 

failure loads are shown i in Fig. 8(a) around a single pile, , a group of nine: piles, 

anda group of sixteen piles, computing these shearing stresses" at the butt, 
the tip, midheight, and the two quarter points, , and using” = 15, 


computations of the failure loads on the piles i in these various groups, an average 
shearing strength | of 750 lb per sq ft at failure of a single pile was used for e con § 


venience of computation. — It will be noted that the shearing stresses, in pounds 


per square foot of embedded surface on the single pile, increase slowly from 


butt to tip, being larger tows ard the tip because of the better shear v alue of the F 


due to internal friction. be noted on the 9 9-pile - 


poser in no case an the vertical shears at acme heights on 2 singe 


pile, and that, as the number of piles i in n the group increases, the | load per pil 


must decrease in order to satisfy this condition, owing. to the contributions of 


all Panu’ piles t to the shears on besied outside pile. The critical point : around the 


of the corner pile, and, if the paren shearing value of 750 Ib per sq it at the 
midheight of this pile i is exceeded, failure will occur and spread progressives 


OF or SHEAR-FAILURE Lo OAD OF A A 


A sass of determining the shear- failure load of a group | of piles, ‘usilg 

‘the derived formula (Eq. 2c), would consist, first, of loading a ‘single pile t 

failure, as determined by the load at which the pile settlement under sm! 

of | load would increase and the | pile would 


Vertical Shear Perpendicular to r, at Point O in Ground 
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1941 FRICTION PILE FOUNDATIONS 
_ is assumed to fai by shear at this. test- determined value per square foot | 


along a plane intersecting the outer surface of a corner pile, a1 and drawn a approxi- 


ma tely normal to the line connecting this corner pile with the center of gravity 
-_ group. A load P is assumed on each pile of the group arrangement to be 


com The contribution of each pile in the group to the midheight shear __ 
of the corner or critical pile is found by using the general shear formula (Eq. 2c) 
and multiplying the contribution of each of the other piles by the sine of the -_ 


angle o of action with the diagonal plane of failure. contributions 


0.001000 P}-—— 


0.000900 P 


(a) CORRECTION FACTOR 
an FOR WIDE FOUNDATIONS— 


= 
© 
o 
= 
° 


0.30 050 “0.70 tie 150 
- Ratio of Side of Square Group to Length of Pile” ss 


all piles in terms of a Ic load P per pile are added to the usual midheight — Pe, 
shear on the surface of the corner er pile (which is equal to P divided by its pene- — 
- trated contact area), ad decimal | number is obtained, multiplied by P. The 
-shear- failure value per | square e foot is divided by this decimal number, and the 
quotient is the failure load P per pile. 
To ) facilitate: the ; computation, curves have been drawn in Fig. 9, plotting — 


- the shear formula for R, = 1.5 for ‘various: actual pile lengths f from 40 ft to 80 © 


| 
— 
‘ — 
re 
4 
in | 0.001343 Por r=3' | 

nis $0.0004007| ——— \ 

ani | 30 8 
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ft, giving the shear at midheight of a pile at any radius ‘the pile. rom 
= curves it is possible to! read directly the fractional part L of P contributed of 
as shear by any pile in the group to the shear on the critical pile at the corner 
* a plane normal to the line connecting the two piles. thes dein 


TABLE or THE ORET! cat FAILURE Loans 
— 


PER. PILE, Morcanza TIMBER Test PILE GROUPS 


SHEAR 


VALUE Per- | Loans, 
_TAINING TO TONS PER 


effect?) Tb | Pile 
per | used | Theo-| Ac- — 
sq as |retical| tual 


ft basis 


One square | 4 14.265 | 1.022 | 778 | Average 
One square 4 _ 14.31 | 1.0243 | 778 | Average 
One square | 4 12.93 06: 778 Average 
Two squares® 13.55 
Rectangle 12.00 778 Average 
Rectangle | 12.72 1.000 | 847 


« Over-all average diameter. © Relative effect of the eccentricity of the center of gravity of the piles. 


case for a small amount at of Mss ape the pile group resulting from a large 
number of smaller diameter piles driven toward one corner or r side. e. Table 5 5 
also shows the same comparison for the 8-pile test group (N. O0.T. & M),. 
T2-T9; 8-pile test group (T. & P.), T20-T27; the 4-pile test group (T. & P,) 

TA -T17; and 2-pile test group (T. & P.), T4 and TS. iii - 
a Unfortunately ir individual piles were no 

” a to all of the g groups because time and available funds were both limited, and, 
in computing the carrying capacity of those groups where no single pile test 
‘was made nearby, the average shear value of 778 Ib per sq ft of all single piles 
tested to failure was used. On the other hand, where single piles had beet 

driven and tested to failure near some of the smaller ; groups, the actual shear 
_ values of these single piles were used in computing the theoretical failure load. 
It will be noted that theoretical failure loads computed on this basis s check 


very closely with the actual failure loads. 


Movrrications | OF METHOD: FOR Lance Grovrs 


to move downward. From computations of various sizes" and arrange 
_ ments of groups, it has been found that, where the side of a square group is mort 
an — third of the eat of the piles, the critical shear on the corner pls 


in. 


ar to for L=1, 


_ Vertical Shear Perpendi 


] 
8 
Pile | Length] Diam- | 
No. ing, | pile, | pile, 
_N.O.T. & M. | T21-T29| 9 | 54 
N.O.T. & M. | T11-T19 56.3 
& ML. | 16 43 | 429 
N.O.T. & M.| T2-T9 | 415/425 
& PL T20-T27| 8 39 40 
allure loads 1or tne Y-plle vesu all —T29, and for the 
J 
— 
— 
4 
= 
— 
| = 
— giv 
— 
— = 
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occurs lower than the midheight of the pile. — Thus, the failure load determined 
fn om curves plotted for midheight compulsions (Fig. 96) 
by the factors i in Fig. 9(a). 


“ay 


Computation oF ‘Sa 


his primarily establishes the load per of a group in 
r. In the actual design of structures supported on friction piles, the work- 


oe chosen per | pile should provide ample safety factors Q) against ae 


= failure, (2) against excessive settlements from vertical pressures, 


for L=1, P=1, at Point O in Ground 


rtor, 


en 


erp 


cal Shear P 


Verti 


0.50 0.60 
Fie. 10.—Unit A FRICTION PILE 
1; Re = = 1. 
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Papers 


of the ‘relatively slugg gish “failure of larger” groups as illustrated by the 


behavior of the 16- group under test te 


Illustrative Problem. —The following example illustrates the manner in 
which this pile theory is applied to an ac actual problem of computing the failure 


— 


loads and pressures of 2 a 15-pile group. The calculations of vertical } pressures 
were facilitated by the use of the curves of Fig. 10, in which the vertical pressure 
“for have been for a ~ length L = 1 and load = 


of | 
of Bin and of five piles by three are be to 15 
a ple load per pile. The average shear value of the soil at the failure of a single 


4 pile is 750 Ib per sq ft. 


od Example 1. . Load per Pile in a V ertical Shear F ailure. -—The total shear 


‘in piles of the group is computed as shown in Table 6. For the e corner pile, ‘ 


pio sate X 0.92 0. 005780 P, the rei remaining values” in Col. 4 being Col. 2 times 
TABLE 6.—SHEAR ON CoRNER or Group Unper Equat Loans 


Vertical Sine of Shear on 
shears> angle | failure plane 
at with under equal 
Z=30ft | failure 
(Re =1. plane 
| ® 
0.005780 
0.000146 
0.000590 
0.000449 
0.000227 
0.000292 2 
0.000283 
0.000195 
0.000170 
0.000173 
0.000139 
0.000112 
0.000115 


l@ 


wo OD 
Sa ah 


Total shear r= 0.0000 000071 
PT 
Read from the inset diagram 0 of the Read Fig. 9, “pile = 0.000660 P,” ete ¢ Compute: 
“Pile Col. 2x Col. 3 = 0.000295 P,” etc. (Col. 4), 


sgh the total group shear in Table 6, 5, the failure load P per vile equal 


Ib per sq ft (failure shear) = 82,700 


te (In the inset diagram c of Table 6 the failure plane is drawn normal to the 
“4 line connecting the corner pile with the center of the Se 45° — gives 


what closer to ‘the shear-f -failure load i in large groups t than i in small groups, be- 


BY | 


sooo 4 


| 
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Example 2. . Vertical Pressures Beneath the Group ‘Under 15 Tons per 
Pile. —In Table ¥, the inset diagram shows the group dimensions reduced to — 


| 


cv 


Contnbuting to 
Pressure Beneath 
Pile= =&B o-0! 133 L @ 0.0667 L 


EPTH BELOW 
‘oor Pan ES Reap FROM Fie. 10 


our plies our plies four piles es 
Ratio)! (Tipr | E, L |p, F.k.M A,C, P,N 


t 
9.0055 L) |(r =0.0667 (r +0.0942 L) 149 L) L) | Units 


3.36 32.40 
2:12 8.38 
0. | | 


“The actual | pressures in last column are equal to units in preceding column multiplied wy 15/602, oa 


| proportional parts of L (= = 60 ft), with radial distances from the center pile to = . 
each other pile. . The table shows the me method and results of the computation 


ofvertical pressures, 


Two important conclusions are e to be noted i in the solutions of Examples 1 1 
and 2: First, that the failure load | per ver pile, of the 15- pile gr group, is s slightly ; greater _ a 
than that of the approximately equivalent: 16- pile square group of Fig. 8(a); 
and ‘second, that» ‘the vertical pressures under the center pile of ‘the 15-pile 
/Sroup a are slightly less than those beneath the interior piles of the 16- -pile square 
of Fig. 8(b) if itis loaded to 15 tons per pile. 
rad _ These conclusions suggest that tables of shear- failure load per pile, a 
"pressures beneath g groups for square groups. of f many ’ dimensions, , may be a useful 
guide to design . Tables 8 and 9 have been | pr repar ed with that purpose in ) mind. 
Table 8 has been | prepared for a shear-failure v value of 750 lb per sq ft from _ 
which results may be proportioned for other values; and Table 9 
prepared for 10 tons per pile, from which results may | be proportioned fo for other 


loads. The tables should be used subject to the following rules: 

_ (1) A A rectangular or or circular group will fail in shear at a taayer' load | gest > ; 


than a equare group containing es same ni of piles. 


47.10 15.50 10. 8.56 | 83.04 
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(2) A group w will have ve smaller vertical pressures and 
group ¥ will have larger vertical pressures than a square group containing the 


BLE 8.—SHEAR LOADS PER PILE, IN TONs, FOR Square 


OF PILES | OF Vartous LENGTHS AND SPACINGS 
(Re = 1.5; Shear Value of Soil = 750 Lb per Sq Ft) _ 


3-Fr Spactna 


60-ft | so-ft | 40-ft | eo-ft | so-te | 
piles piles piles i piles i 


14 14 “4 
REE, 


45.26 
33.62 
24.5¢ 
22.3¢ 


one 


Ste 


nO 


" a : Gov erned by shear summation at midheight of corner pile; all others gov oneal by shear summation st 
some point below midheight of corner pile. 


PRACTICAL APPLICATION OF THIS TO DESIGN 


a basis the preceding data, the following woul Ww ould be the desig 


(1) Make sufficient borings at the site to establish the approximate Ul 


sei of the soils over the entire area being considered, and to establis 
: Zz rther the fact that a firm stratum for the support of point bearing piles is m0 


economically accessible. 
(2) Drive a test pile of about the length contemplated to be used in ti 

- design, and if the number o of hammer blows per foot i increases only gradual 
with increased penetration, t the pile will be a friction pile, distributing 10 lost f 
approximately i in the manner suggested by thi this pile theory. 2 More than 0 ol 
test pile m may be used to ‘sample the area thoroughly. 


(3) Load the test pile, by increments, to failure, which w will k be indicated i 


— ai 


a sharp i increase in settlement that does not cease with time, and which shoul 


3 result in at least several inches of settlement. From this failure lo sad, the sb shes fi 


‘failure value, i in per be by dividing by 


Ge. 


= 


j 
— 
— 
| con | on 
| | 82.70 2.8° | 44°86 - 
“5a 60.02 | 40.16 51.8 28.50 40.0¢ 00.9 
| 24.90 186 | 26.5¢| 3 92 | 21.3 
_ 28.82 | 18.6 9 30. 20.2 28.40 re 
9 9 24.7 243 30.0 OF 
4 20.3 21.9 | 2 
225 | 173 | 219 | 
1 | 22 72 | 21.5 | 258 
18 | 361 | 12.7 15 17.0 | 21. 
1 | 44 | | 26 
= 
= 
z= 
— 
— 
a 
— 
4 
a 
— n 
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Fe 


For ‘an unusual g group, the determination of failure load m may be made more 
precisely by the method givenin Example], 
F TABLE 9.— —VERTICAL | PRESSURES, IN Tons” PER SQUARE Foor, BENEATH 
Center OF Various Square Pie ‘Groups ‘LoapEep © 


TO to 10 Tons PER PILE 


ape factor consistent with the group size and the loading characteristics. — 


4 rows | 5 rows | 7 rows | 9 rows | 11 rows | 13 rows | 15 rows | 17 rows” 

| =16 | = 25 | =49 | =81 =121 | =169 | =225 | = 289° 
piles and ‘piles: ‘Piles piles piles piles 


re o | 0.172 | 0.316 | 0.376 | 0. — 0.562 | 0.663 | 0.752 | 0.82 890 | 0.940 
. 7 0.023 | 0.139 | 0.197 | 0.266 | 0. = 0.490 | 0.585 | 0.660 | 0.728 | 0.789 


20 | 0.004 | 0.032 | 0.054 | 0.082 | 0.146 | 0.218 | 0.295 0.520 
0.001 | 0.013 0.035 


0.106 | 0.298 


5 
172 | 0. | 0.318 | 0.367 0.443 Ts 505 | 0. 555 0.503 | 0. | 
0.023 | 0.117— . 157 | 0.208 | 0.287 | 0.352 | 0.407 | 0. 453 | 0.490 
0.004 4 031 | 0.051 | 0.076 | 0.131 | 0.187 | 0.245 | 0. 209 0. 48 
0.001 | 0.013 | 0.022 | 0.034 | 0. 064 | 0. 099 | 0.137 — 


0.245— 0.326 | 0.405 0.478 | 0. 543 0.600 
0.073 | 0.112 0.157 | 0.207 | 0.259 | O. 310° 
0.030 049 | 0.073 0.099 0.129 0.161 


Pues, 4-Fr SpacING 


| 413, 492 | 0.568 Tas 35° 0.69 cos | 6. 0.755 


0.331 | 0.384 | 0. 0. 
0.190 | 0.245 | 0.295 | 0.3 
0.070 | 0.104 at 


182 
.094 


6) Find the approximate ‘beneath the center of the 
group, under the working load chosen per pile, by examination of Table oe 
: tte interpolation may be necessary). If the pressures seem dangerous, or 
f if the group is unusual, a more precise calculation may be made by the saaeaeal 
(6) ‘if f consolidometer | tests have been made on samples of the soil nin: . 
and around the piles, it will be possible to o compute, from the vertical pressures _ 
determined by use | of the formulas and curves, a ‘a teenied ‘maximum settle- _ 
ment of the pile tops along the vertical center line of the footing under the 
working load. This theoretical settlement cannot be realized fully, especially 
in —— supporting a stiff pier base where the stiffness of the footing will restrict ce 


— 
November, 1941 1679 
(4) With this shear value in mind determine, by an examination of Table 8, “4 —- 
| ‘he roximately what the failure load per pile will be for the approximate number - 7 a 
— 
) 
Depth 
+4 
6x 
8. 
— 
30.0 
0 | 0.649 — 
_ts | 0523 
3 20 0.392 
0.131 | 0.228 | 0.271 | 0.32 
— 6 0.010 | 0.074 0.166 
0.002 | 0.014 | 0.025 | 0.03 
60 0.000 | 0.006 | 0.010 | 0.016 | — 
@ — 
| 0.131 | 0.204 | 0.234 | 0271 75 | 0.510 
| 0.064 | 0.093 | 0.129 40 | 0.379 
0.002 | 0.014 | 0.025 | 0.039 0.258 
60 | 0.000 | 0.006 | 0.010 | 0.016 0.119 | 0.144 
thee 
&g 
bf | 
— 


If under a building is of as one large footi 


ting in 
however, the indicated center settlement may be realized. 


Mopirication oF PRESSURE DISTRIBUTION DUE TO. ‘VARIATION 


The materials encountered on the Morganza Floodway are believed to 
loads i in a “most true friction pile | founda 


4 tration, the distribution of pile load to the: soil w ould become me greater toward io 
tip, of course, and the effect of this could be estimated by reducing the — 
a R, in all the formulas from the value of 1.5 used in this paper. . Ratio. R. 


would represent a pile with unifor m load per foot, ‘and Re = 0 would sro 
a distribution of load increasing from zero at the butt to a maximum value ; 


the 


As the materials would become denser and denser toward the e tip, the re- 


_ duction in pile strength due to grouping v would become progressively | less as 


nounced until, with pile: tips bearing on rock, the permissible load | al pile ina 


group w ould be _— to the permissible load on a single al i, 


s Ratio. 0. 5; All Compression) Except As Noted 
by in Table 10 102) 


R IL 
ATIO 


02 | o. for jal = 


RESS DISTRIBUTION pz = P x K 


0.355 0.209| 0.079| 0.033 | 0. 009 | 0.001 
0.442 | 0.345] 0.184| 0.091 | 0.031 | 0.005 
0.750} 0.478] 0.249} 0.145 | 0.067 | 0.024 
0.593 | 0.432] 0.246| 0.152 | 0.078 | 0.027 
0.083 | 0.033. 


0.364 | 0.312} 6.216} 0.147 
0.139 | 0.112 | 0.077 | 0.039 


0.180 0.172 | 0.163 
0.068 0.068 0.066 | 0.062 | 0.057 


Pornt-Loap Stress DisTRIBUTION Pz = PPoint x 


to 


+0.142 | +0.090 
+0.476 | +0.268 
0.119 0.110 | 


0.009 | 0.012 | 0.004 
0.032 0.062 
0.078 | 0.0: 0.021 
0.082 0.023 
0.130 .076 0.035 0.004 
0.068 055 0.036 0.026 0.008 


| 


bel ee The Boussinesq ¢ distribution of stress is alw ays | ; downward from a point of 


Si and has been used with success in determining pressures beneath many J 
buried foundations. Pr rofessor Mindlin’ s formulas’ indicate a stress distribu: 


in 
wi 
— 
of 
— 
in 
— 
— 
— pi 
su 
— 
bu 
for 
+0.174 | +0.166 0.034 
1 3.89 2.59 4 237 
0.948 | 0.736 | 0.513 | 0.237 
0.281] 0.268) 0239] 0. 76 th 
0.086 | 0.086 0.082 | 0.076 th 
— 
— th 
BAS 
193 
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tion upward by tension as well as dow nward by compression from a point load | Z 
buried in the ground. D. M. Burmister, Assoc. M. Am. Soc. C. E., has 
~ sented the Mindlin formulas i in usable form for pile foundations,* as reproduced © 
jnTablel0. 
From Table 10(a), showing s stress 
“distribution a1 around a pure friction pile 
with uniform load per linear. foot, it 
“has | been possible | to compute a curve 
of vertical shears around a pile at mid- 30 
height. In Fig. 11 this: curve is shown 5 
comparison with the corresponding 
curve from the general shear formula 
(Eq. 2c) derived i in this paper, using 


=" ‘formula. using Pe =1 for the 


ing m more load into distant piles of a 
group | and making group action 
dangerous: than the Boussinesq_ distri- 


bution would indicate. 


Since the curve for R, = 1.5 
Boussinesq distribution checks the pile 
7 tests more closely than does the curve 7 
. for Mindlin distribution, it would ser seem 
that timber friction piles distribute 

load more nearly in accordance w vith | 
“Iupuications or Tats Tuzory or 
Friction BEHAVIOR 


nm If this theory is correct in ieee 
that shear failure occurs through the © 

j building u up of critical shear stresses = 

onthe corner r piles of square or rectan- 


gular g groups, it would follow logically 
that a ff ‘Fic. 11.—CoMPaARISON OF UNIT VERTICAL SHEARS 
fficient grouping  aFrange- SINGLE FrIcTION By BousstNesq 


‘Ment against. shear failure could be AND MINDLIN DISTRIBUTIONS 
MipHetcut oF Prue) 


‘obtained by eliminating corner piles 


‘through the use of octagonal footings containing the same number of piles. | 


a the e shears irs around tt the pile, thus throw- 


condition of uniform load per foot of 

The comparative tendency of the 
Mindlin dis distribution i is to reduce pres- 2.0 
sures beneath the pile increase 

he 


q 


for Uniform ‘toad 
per Linear Foot 


_ = 0.20 


of the Purdue Conference on Soil Mechanics and Its Applications,’ Purdue Univ. 
Ind., September 2 to 6, 1940, p. 339 (citing also ‘Stress Distribution Around a Loaded Pile,’ 
5 uderman, Thesis No. 500 submitted to the Dept. of Civ. Eng., Columbia Univ., New York, N. Y., in- a 

¥, in partial fulfilment of the requirements for the degree of Doctor of Science). > 4% 


— 

— 

— 

— 

| 

0.30 

“ 

any 

— 
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ution of pile loads toward the edges from those calculated will take place 

in order that the settlement of the edge piles due to vertical pressures may be- 

come equal to the settlement of the. center piles. . Ity would be in accord with 

this s tendency, and would distribute the pier load 1 more equally t to the e individual 

; piles, if the piles were spaced more closely ii in the e exterior rows of the g: group than 


here a a large group of friction piles supports a stiff pier some redis- 
trib 


_ It would be desirable, if funds were available, to make various group ar 


-rangements and test them to failure so as to have additional test data on sizes 
and shapes of groups as s well ¢ as the | most efficient ‘Spacing. — 7 Iti is hoped hen 
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BENDING MOMENTS IN THE. WALLS OF 
“RECTANGULAR TANKS: 
"By DANA YOUNG," . Soc. C CE 
SYNOPSIS. 


i attempt is is made herein to obtain a theoretical solution for the deflec- 


tio on and moments in the vertical side wa alls of a rectangular tank which is open 


at the top. _ More precisely, a formal analysis sis is made of « a rectangular plate 
is free or at the top, perfectly Quod along the sides 


“and bottom and subjected transverse hydrostatic loading g. In certain 


“cases, the walls of a ‘aiilenadiee tank, as shown in Fig. 1, may be considered — 


bo act as plate with the these idealized edge conditions, and i 


that this analysis For a that is in plan and with a 


heavy | base, 5, perfected fixity at the sides and bottom would be ‘closely ay ap- 


proached. one horizontal. is much than the other, the 
“assumed edge conditions would not prevail. This analysis n may said to 
4 


furnish the solution for : an idealized case and the designer must use e judgment 
applying the results to a particular problem. 


- aa Norg.—Written comments are invited for immediate publication; to insure publication the last i 
ussion should be submitted by March, 1942, 
1 Prof. Head, Dept. of Civ. Univ. of Connecticut, Storrs, Conn. 
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RECTANGUL AR ‘TANKS 


Th here other possible applications | besides that of a tank wall, The 


“providing the button edge is ‘designed for fixity The flat slab of a buttress 


dam is in the same category. 


a ‘The analysis given herein is based on thos so-called ordinary theory of bend- 
7 ing of thin plates. . According to this theory, the load on the plate and the 


shape of the deflected surface of ‘the plate are related by a partial differentia] 
equation. - An analysis of the problera involves finding a solution of the differ- 


oy slab i a counter fort retaining ol may be ‘considered as a plate 


? ential aiaiieas which also satisfies the specified edge conditions for the plate. 
“ “After this deflection function is found, the bending moments ma may be determined 
= the second derivatives of the function. ‘The: derivation of the differential 


equation and the expressions for moments, shears, s, ners reactions are giv en by 


writers such as . Timoshenko? and A. Nadai. 


Intropuction 


ph The ee of | the bending of plates used i in n this paper i is based upon sev veral 


assumptions that must be considered in interpreting the results of the analysis. 
The principal assumptions: may be noted briefly. _ The plate i is ¢ assumed to be 
4 homogeneous, isotropic, and of constant thickness. . The thickness of the plate 
is small compared © with its lateral dimensions, so that the effect of shearing 
stresses on the deflection may be neglected. e A line that is normal to the plane 
of the plate before bending S semaines straight | and normal to the deflected 
middle surface after bending. _ The deflections are small ‘compared with the 
thickness of the plate, so that direct stresses due to stretching of the middle 
surface may be neglected. A rough rule in this regard is that, if the deflection 
is less than half the plate | thickness, the theory i is satisfactory.‘ 4 Most plates 
or slabs used in engineering structures conform to these assumptions closely. 
- enough so that : analyses ; based on this theory serv serve as reliable guides for design. 
A. ‘Nadai* and Nathan Newmark,’ Assoc. Am. Soc. C. E., have presented 
; detailed statements of tho velatinn of the e theory of plates to experiments s and 
; ‘this particular investigation, the effect ‘of Poisson’s ratio has beet 
neglected. No: mathematical difficulties would | be caused by including this 
item, but the arithmetical work would be greatly increased. Neglecting 


an ~ Poisson’ s ratio. has no effect on the 1 moments at the clamped edges but does 


affect, ‘so 
i ees edge = Corrections to the interior moments for any given valu . value of Poisson's 


of Plates and Shells,’’ by S. Timoshenko, McGraw-Hill Book Co., Inc., New York, N. 
“Die elastischen Platten,’’ by A. Nadai, Julius Springer, Berlin, 1925. 
i “Theory of Plates and Shells,” by S. Timoshenko, McGraw-Hill Book Co., ‘Ine. aad York, N. LY 


now About Slabs?” Chad N. M. Newmark, Civil September 
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‘RECTANGULAR TANKS 


us The letter symbols in this s paper are defined w where they fi first appear and are | 


assembled for reference in the Appendix. 


= +4 
‘GENERAL PROCEDURE 
s the solution of the differential ‘equation 


Poisson’ s ratio as 


This. problem 


7 a 

al 

al 

“ ee Eqs. 1 and 2: w is the deflection of the e plate at any point; g is the — 
of a distributed lateral load; « and y are the rectangular coordinates in in the 

“ plane of the middle surface onl the plate; a and b are the dimensions of the 1e plate. 

ng in the x and y directions, respectively ; and D, the fi flexural rigidity of the plate, © 

ne 

is equal te to 

ion in in which: Bis is the modulus of elasticity of the plate material ; his s the thickness 

tes of the plate; ‘and p represents Poisson’s ratio. The difficulty in. solving this 

dy i problem arises from the fact that there is no known procedure for solving the - 

gn. differential equation ‘subject to these boundary conditions. most general 


ted solution for rectangular plates is the one due to Levy® w hich t uses — the deflec- 

ind tion an expression of the form 


ing | i ‘i in which . Xn is a function of x alone; and m is an integer (which has the value 
oes 1,2,3--- to © in successive terms of the series). solution requires that 
the i the plate be simply supported along two edges and any boundary conditions | 


_ May be prescribed at the other | two edges. _ Therefore, it cannot be applied — ~ 


directly to the problem at hand. However, it is possible (in a manner some- 


7 W vhat analogous to that. proposed by Ss. Timoshenko? for plates clamped at all 
four edges) to solve the problem by a proper combination of several loadings, ; 


x, which is of the form of Eq. 4. 
‘Die elastischen Platten,” by A. Nadai, Julius Springer, Berlin, 1925, p. 120. 
aber "Bending of Rectangular Plates with Clamped Edges,” by S. Timoshenko, Proceedings, Inter- 


» 
“a November, 
e 
requir¢ 
e. with the boundary conditions 
: 
— 
4 
— 
— 
( 
— 
— 
an 


| 


For this purpose, the four cases shown i in n Fig. 2 are taken, each ‘of: which is 


simply ‘supported along: one “pair of edges. ‘Fig. an hydrostatic 
loading, is simply supported 0.5 a, fixed at y = b, and has. a free 
edge at y Fig. 2(6) has no lateral load but is bent by arbitrary edge 


4 (Mz), +0. Eq. 5a) 


the distribution « of which 1 along the edges is taken i in the form of a trigonometric 


series with coefficients Fm. Fig. bent by edge e moments 
cos 


ai 


sections perpendicular to the and y axes and R, are the 
reactions per unit length of plate along edges perpendicular to the z andy 
axes, respectively; m and & are , integers, with values as indicated d on 1 the: sum- 
‘mation signs; and Puy x Ri, etc., are constants. The boundary conditions 
at s of the - The deflection surface for 
~ each of these plates may be obtained by Levy’ 8 . method and then these four 
solutions combined in such a manner that Eq. 1 and the boundary conditions, 
Eqs. 2, are satisfied. This leads to a set of simultaneous algebraic equations 

from which the values of the coefficients Fm Ex, Re may be calculated. 


4 RECTANGULAR TANKS Papers, N 
— 
— 
= 
— 
lat 
: 
— 
F 
— 
— 


November, 


illustrated by considering Fig. Results for. the other - cases W will then 


given without proof since the same procedure applies. 
— 


DEFLECTION EQuaTION FoR Fie. 2(d) 


Denote on deflection in this case by ws. Since there is no distributed 
| atera al load on the | the plate, the differential equation (Eq. 1) reduces to 


— 


mt 


‘From the boundary conditions Eqs. 7b and 7c, the four ¢ onstants in 


[tanh — ax (1 


“ax being equal to — 


— 
= 
) At y = 0, 
fy alone. Substituting Eq. 8 in 6, 
which Y; is a function of y alon 
Eq. 9 are 
fo — 
t — 
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we, k=1,3,5 
A", 
4 
ik 


= 


in which: . 


...... 


(a, — te anh ¢ ox + a, tanh ax) 


and Kp i is defined by ‘Eq. 1. 
Similarly, the deflection equation for Fig. i is: 


k? cosh 1 Ok 


(14i) 


tanh a, + ax (1 — t tanh? 

0.5 a, tanh a, 
tanh a, + ax (1 — tanh? a,x) 


= BY, 


— 

oe i ee ie _ The deflection equations for the other cases are derived in a similar manner; 

— 
— 
— 

— 
nad 
— 
— 
— 7 
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‘Bavarioxs FOR Fm 


The solution fc 


solutions for the cases in Fig. 2, , by taking 


zeTO y= 


3 tanh + a, (1 — tanh? a” 


"Before substituting the two slope ¢ expressions in Eq. it. is t 
- expand the expression inside the brackets in Eq. 18a in a Fourier cosine series. 
Doing this, and then in 17 the following is obtained 


m 


“3 tanh a, + a, (1 — tanh? i 


‘There will be one equation of the form of Eq. 19 for each value of k ¥ 


and _—s these will have an in infinite number of tern ms on the right-— 
tion 


dy ay) 


~t ) must be s zero, the following sy stem of f equations is obtained: Bite 


+ 
= 


rs Nove mber » 1941 
er; sition of 
Coefficients Pn, Ex, and Ry are to be so determined that the boundary con- eae 
ditions in Eq. 2 will be satisfied. Thus, for the condition that the slope is  — 
ig 
Differentiating, Eq. 14a gives 
13b) and from Eq. 146 
14a) 
@ 
— 
4 
‘head 
a4) — 
if 
(20a) 


From the condition that the sl slope at x = 0. 5 a must be zero: 


Pin ( tanh Bm + + 
\ osh? Bn ) | 


+ tanh ax) (2 


= 


[3 tanh a, + a, (1 — tanh? 


pon 


(— 1)" cosh (— 5% + tanh ax) 

Eqs. 19, 20b, and 21 provide the necessary relations for ‘determining Fry 
= and R,. Each: one defines an infinite s sy system of equations: with an infinite 


number of terms. To ) solve t these numerically, it is necessary to assume that 
“4 


(+ b2 K;' 


thes series converge and to neglect all terms higher than a given order. “The 


‘result i is a finite system o of simultaneous equations that may be solved to obtain 


values for the coefficients. This completes the solution of ‘the differential: 


‘Eq. 1 for the specified boundary conditions. The moments at any point may 


then be determined from the know n relations of the plate theory. For example, 


- the moment per unit length of plate on . sections perpendicular to the 2 r- axis is 


 assumi: 


ming tha‘ that Poisson’s ratio is zero. 
UMERICAL XAMPLE 


For an example, assume a tank wi ith square sides. for which a 


each of Eqs. 19, 200, and 21 take only the first four terms of each series. _ Theo 
in Eq. 19, using m = 1, 2, 3, and 4, and taking k = 1, 3, 5, and 7, successively, 
_ the numerical values of the constants may be computed to obtain the four 


1.0228 E, = — 0.6366 F, + 0.2037 F, — 0.0764 F's + 0.0352 F, 
1,0000 Zs = 0.2292 F, — 0.2712 Fz + 0.2122 Ps — 0.1467 
1.0000 E; = — 0.0942 F; + 0.1514 F2 — 0.1652 Fs + 0.1515 Fs 


a. 0000 E; 17 = 0.048 0499 Fi — — 0.0888 F2 +0 0.11 1113 13 Fs — 0. 1181 Fy 


oO 


A(-1)? Ey 
Pe 
— _ 

4 

4 

il 
— 
— - 


“Caleuk ation of the constants in . 20b gives the 
a Ri = — 3.0000 - 1.9200 F, — 1.3200 Fy 0.9965 Fe 


2.2800 F, + 3.1243 + 3.0000 Fs + 2.6112 Fi 


a Rs = 5089 F, — 2.5683 — 3.0623 Fs — 3.1410 
aR; = 1.1088 F; + 2.0335 + 2.6718 Fs + 3.0220 Fy 
- Finally, from Eq. 21, compute the following set of numerical equations: — 
1.1666 + 0.4314 — 0.0382 + 0.0094 
0.0036 — 0. 1685 ak, +0. 0057 a aR; 
0,0008 Rs + 0.0002 a = — 0.04694 y a? 
1.0197 - 0. 0589 + 0.0903 Es — 0.0303 Es 
0.0127 — 0.26084 Ri +0.0156aR, 


a 0.0028 a Rs + 0.0008 a R; = — 0.03474 y a? 


1.0014 Fs + 0.2640 — 0.1063 + 0.0496 
0.0238 — 0.2450 a Ry + 0.0225 6 Rs 


+ 0. 8 Ey - 0. 2603 R, + 0.0261 


Weer 


0.0068 a R; + 0.00244 R; = — 0. 
There are now 12 nee ns in 12 simultaneous equations, 7 


he 0030 y a? 
Re = — 0.0026 7 a 


Be = — 0.0063 a’ = — 0.0999 y a? 
Es = 0.0023 Rs= 0.0765 ya? 


0.0043 y a> = — 0.0011 y a*® R; = — 0.0608 a? 


Dixie The bending moments - the deflection at any point may n now yw be com- 
puted, the results being shown in n Figs. 3 
ig ‘The: numerical values | given are e approximate due to the fact that only four 
terms were taken i in each series. Howey er, each of the functions used satisfies 
the differential equation and giv res zero deflection along the sides and bottom 
of the plate. _ ‘The inaccuracy arises” from the fact that the slope at these 
- edges v will not quite be zero, and the top edge will not quite be free, unless an 


Infinite num number of terms is used . An insight into the error involved may be 


‘TABLE V ALUES* FoR 
Location Hoes SLOPES FOR PLATES SHOWN IN: 
— 


— 


—0. 00783 0.00797 

—0.00773 | 00446 0.00428 

0.00401 0.00060 
jumerical tent in this table are coefficients that should be multiplied by — to obtain slope. 


a 

| 

21) ng these 

Eom 
nite 
that 7 
tain 
atial 
may » 
cis is 
q 

00005 


by ‘computing the along the for the problem as 


solved. Results of such calculation are given in Table oF rom this it i is” 


seen that the actual edge slopes remaining - only | a few per cent of the cor- 
‘tesponding for 2(a) which has has simply supported So it 


4 


we 


be. concluded that the values found in this example are slllitialitey messi 


for design purposes. 


To repeat: The ordinary theory of insti of plates, 


from. it, are valid compared he: wi will thiek- 


— 
nes 
— 
4 
2 
— 
— 

— 
Wi 
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. This condition | may be readily investigated for any particular design. 7 


For example, take a steel water tank with sides 100 in. square. _ The maximum 


=a per linear inch is M = — 0. 0353 y a? =-0. 0353 Xx 100° x5 a 


= 280 in-lb per in. sanieiaiies an allowable bending stress of 18,000 Ib 


= 1, 280; from which = 0.654 in., say in. maxi- 
‘mum deflection is giv en by | w = 0.000805 —— = 0.33 in. using 


E = 30,000, 000 


= 0.3. This gives a ratio of deflection to wall thickness of 
site is just: about the maximum 
| 
Souvrions 
This same problem has been . solved by other investigators using different 
"methods. Re Cheng* approached the problem by choosing deflection func- 
tions containing arbitrary constants which he determined numerically by 
: - satisfying the boundary « conditions at a finite number of points along the edges. 
His fi final al values for the moments and | deflections check, very closely, the values" 
given herein. Calculations by | the method of finite differences have been made 
by A. Smotrow® for the same problem, using an network of 36 squares. — The 
moment values thus obtained are appreciably smaller than those found in this a 
paper. For example, the maximum moment at the base is given by § Smatrow 
as 0.030  a* as compared to 0.0353 y a* given in Fig. 3. This is to be expected, — 
and it is believed that a closer network of points would have to be taken in the 


finite difference method to obtain the accuracy of the superposition method 


herein. ve also completed the cz ale ‘ulations for plates with 
of 15 and ( 0.6 


Caleulati 


“the ratio the height to the width, ‘is the moment for 

a standard of itis is possib sible t to approximate 1 moments for 


Plates: with. other by the consideration of know! mn solutions of plates. 


“with the same loading but other edge conditions, 
¥ Consider first the moment My at the ¢ center of the base of Figs. (a), 5(b), PR 
and 5(c), all of which car ty the same hy drostatic load. Fig. 5(a) is the one 7 
treated in this s paper. Fig. —5(b) is similar except that the top edge is simply, a 
—- whereas Fig. 5(c) has simply s supported side edges and is the s same 


as s Fig. 2(a) - Iti is clear that the base n moment for Fig. 5(a) will be e greater than 
Fig Fig. 5(b) and less than for Fig. 5(c). For greater than unity, , the = 


Ch ‘The Analysis of Rectangular Plates Under Various Loading and Boundary Conditions,” by P. T. 

"oe unpublished research work at Univ. of Minnesota, Minneapolis, Minn., 1940. = = | 


‘Berechnung von Platten,” ” by A. Smotrow (in Russian Staats-Ver tir Liter Literatur des Bauwesen 


rs | 
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fons Nave heen olven in this paper only for square plate in which wt 
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Paper 


“it will that nat of Fig, 7 5(b) 
the 


various _tatios have been | published,” and values for Fig. B(c) may be readily 


a= 


Fixed 
Supported 


es calculated from Eq. 12. In Fig. 6 estimated | valu 


the broken curve drawn through the control point at 1 


other two curves for other values 0 of 


Fig. 5¢c) 


ioment Coefficient, C; 


OS 


. 6.- AT OF Base: My =-G yb 


For the edge ‘moment at sina midpoint of each side, it seems | reasonable eto 
assume that the value for Fig. 5(a) will lie between that for Fig. x. 5(b) and that 
for Fig. 5(d). Values for the case represented by Fig. 5(d) are given by Pro 


10“Analysis of of Clamped Rectangular Plates,” D. Young, Journal of A M echanics, December 


— 
— 
— END 
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fessor ‘Timoshenko. Curves for Figs. 5(b) and. 5(d) are plotted i in Fig. 7 
data in the references : cited and the assumed curve for Fig. 5(a) is indicated by 
the broken tine, 


It is believed that these moment , values are adequate for design purposes. 
plates with tatios not too different from unity from 5 to = 5 ) the dis- 


Moment Coefficient, C2 


oOo 


= 


Fic. 7.—MomeEnt at CENTER OF Sipe: Mz = — C2763 


tiation of moments along the base may be taken as parabolic and “te 


‘APPEN 
ps oan The following letter symbols, adopted for use in this paper, conform es- 
sentially to Standard | Letter Symbols" for Structural Analysis, prepared by a 
| Gomme of the American Standards Association with Society representation = 


and approved by the Association in 1941. 2 A few obvious conflicts—such as a 


(standard ‘symbol for or diameter) = = rigidity w (standard symbol 


= uniformly distributed load) = deflection of f plate—have b been introduced to a 
adapt the > notation to common terms found in current aon on 1 flat plate 
=e constant subscripts m or k, the symbols 
RR, 6, and w are each constants defined where they are used; 2. 


‘Theory of Plates and Shells,” by S. Co., now Som, 


— 
loc: 
vith 
ay 
ily | 
0 
— 
d that 7 ‘ | 
= 
ecembel, 
q 


“oe: = — of the plate i in the x-direction ; 
: ob = = length ‘of the plate in the y- direction; 
= flexural rigidity of the plate (see Eq. 3); 
of elasticity of the plate material; see also A; 
@ =(seeA); 
he = thickness of 1 the plate beens 
ke an integer ; see also 
= bending M, are bending moments per unit 


se an integer; see also under A; 


q = intensity of a distributed lateral load; 
‘unit reactions; R; ‘and ,are the reactions per unit length of the 
plate along edges perpendicular to to the Axis and 
tively; see also under A 
ee =d deflection of the plate at any point ; ae 


| 


= = specific weight of w ater w eight per unit volume of water ; 


A) 


Ware 


| 


— 
| 
— 
{ 
— 
— | 
| a”. 
— 
— 


Experimental stullien were made of a free overfall with a view to ee 


information that would: be of value to designers of hydraul ic 
‘Detailed measurements that the energy | losses at. t the b base 


of a fall were of appreci able magnitude and hence Thus be considered in 


w draulic design. These energy losses were applied i in the develop- 
of a a rational of jump below a fall. 


jump and on the effect of oon of the jump on energy y dissipation. 


The presence ¢ of standing water behind the fall is explained, ane | its height is 
by application of the “momentum — 


prs after the more common and much analytical design 
‘methods, which are based on experience, research, and analysis, have 
investigated and considered inadequate. The extension of the common design. 
methods to cover problems which at pr esent can be solved satisfactorily only — 
_ by the use of models will com: come, along w ith an appreciable saving of time and 
w when the proper fundamental information is made available. The 
: of the : analytical methods that have a sound basis not only sa saves the cost” 
of the model studies but, in general, results in more reliable designs. _ seh 
Bet, experimental sails reported herein. was made ¢ at the Cooperative 
- Laboratory of the Soil Conservation Service, U.S. Department of Agriculture, — 
and the California Institute of Technology past. of ‘a general program, the 
_ objective of which is to supply the engineer with basic information that can be 


applied in the design of hydraulic structures. Since the overfall is used 


=~ Note.—Written comments are invited for immediate publication; to insure publication the ~rd - 
Geoussion should be submitted by March, 1942, 
1 Junior Engr., SCS 3 Laboratory, California Inst. of Technology, F Pasadena, Calif. vcs A 
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| 
if 
q 
a 
4 
— 
draulic model studies have been used with much success in the design 
— 
| 
| 
= 


work, it was selected “for study. ‘Stress has 
been | laid upon energy loss or energy dissipation | not only because it is of im- 


portance i in itself, but also because it ae used i in ealculating the flow charac. - 


interest to technicians concerned 1 with the design of small dams used i in gully 
control work, as well as to e engineers dealing | with other hydraulic : structures 


where the overfall i is spain to dissipate energy. 


the s simple structure must be thoroughly understood before a more complicated 

one can be studied intelligently. _ Following this method the complications — 
: introduced by side > contractions and expansions were eliminated in an effort — 
to approach the condition of two- dimensional flow. . Likewise, the effects of 


sills and pools were not ane in the study. 


AND PROCEDURE 
A free — model was constructed having a rectangular | channel 11 in. 
wide, discharging into a similar r channel at a lower elevation. The channel — 
_ sides were carefully joined to form two smooth parallel planes with which the 


of the falling jet were in continuous: contact. One side of the was 


. 9 a structure that had been simplified as much as possible ir in the conviction that 


Fie. 1.—Fazz OverFALL Mopet; VerTIcaL Srrives Are Spacep at 0.5 Fr 


maximum: 1. 5 ft. . Water was by an electrically driven 
di pump discharging into a constant head tank from v Ww hich 1 the flow was conducted 
ait through an an 8-in. ] pipe to the forebay -of the model. - The discharge was regulated 
with an 8-in. gate valve, and measured - by a venturi meter installed in the 

~ supply line. The ‘differential head on the venturi meter could be read to 
0.001 ft on either a water or mercury-filled manometer, which made it possible 
= set the rate of flow to within 17 1% o from 0. 15 cu ft per sec to 1.85 cu ft per 
The disturbance caused as the 8-in. . pipe ‘discharged into the forebay 


‘Stilled very effectively by passing the flow through a a 1- ft wall of loosely 


— | oll 
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— = 
= 
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piled 13 tin. rock. From the tranquil forebay a transition section led the flow 
into the model dessaal with a minimum of disturbance (see Fig. 2). _ Elevations 


‘carriage that could bs e rolled alon rails above the channel. ‘ On the center 
- 


; 


Fig. 2.— View or Factna DowNSTREAM ON ForREBAY: (a) TRANSITION SECTION IN Empty FOREBAY; 

(0) UNDISTURBED FLOw ENTERING TRANSITION | 


"pressure. The depth of in the downstream channel was controlled. 
by the wicket-type tail gate shown in Fig. 3. This gate, which caused minimum 
disturbance | to the flow pattern . upstream, was located 11 ft from the fall and 
3 ft down nstream from the last ‘section at which measurements were taken. en 
depth of flow 1 would permit, velocities were measured with 
tandard Prandtl pitot-static tu ibe that had a coefficient of 1.00 (Fig. 4(a)). a 
‘In order to d determine velocities in shallow flows, a hypodermic needle” was _ 
used to measure the total head (Fig. 4(b)) and a piezometer was used to obtain 
the static head. : By using hypodermic needles of three sizes (16, 18, and 19, 7 
Birmingham wire gage) the diameter of the measuring tube was kept within» 
one tenth of the depth ‘of flow. In regions where the bottom piezometer 
— could not be relied upon for the static pressure, measurements were made with — 


a hypodermic needle closed at the end and drilled with static holes oe 


to. ‘the standards given by Peters? (Fig. 4(C)) . This apparatus was well 
‘“Druckmessung,” von H. Peters, Handbuch der Experimentalphysik, IV, I Teil, pp. 509. 


(16990 — 
— 
4 
— 
q 
= 
line of the lower channel a brass strip with forty piezometer openings was aa 
— 
a 
— 
| 
— 


Fro. or Tam Gate WITH Fig. 4.—Tuses Usep 1x Maxine Vetocity Mega- 
Wicxers PartTLy Ciosep TO ‘SUREMENTS: (A) Pranortt Prrot-Sratic Tune; (B) 


Toran AND Sratic HEAp, ELY 


letter in this paper are Ww first t appear an and are” 
assembled for reference in the — 
PEN 
Very li e stu y 1a8 een given ) e pro em of a free ee overfall striking a 
Very li ttle we be the 
flat bottom. Boris A. Bakhmeteff,s M. Am. Soc. C. E., has shown that the 


energy e equation be applied to to determine the flow conditions at the toe of 


fall. ‘Fig. 5 is a sketch of 
__Total Energy Line a water profilé for a typical overfall 


with the dow nstream 1 depth, 
unaffected by the tailwater in the 
channel— that is, with the flow 

the. dow nstream cchannel at super- 


velocity. 
Assuming hydrostatic pressure | 


and uniform velocity distribution, 
the energy | head Eo at the sal 


in in which d, is the critical depth and 


-_ hist the height of the fall. The velocity at section 1-1 may be expressed as 


“Hydraulics of | Open Channels,’ Boris A. Bakhmeteff, McGraw- Hill Book ., Inc., , 1932, p p. 


— adapted to a 
ensional drop and allowed th 
particular attention to be gi 
¢ 
t 
| 
| 
| 
q 
— | 
| 
= 
— 
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at secti 
into Eq. 2, there follows. 7 


Introducing 1 the inuity relati 1d, = d. Vg dey and ‘Tearranging Eq. 3 


Eq. 4 may be transformed to agree with the equation. given by 
‘Professor Bakhmeteff. It is presented herein in a dimensionless form in aa hich | 
the ratio dese sien the flow conditions at of the fall, and 
represents the relative height of fall. Professor Bakhmeteff states that the 
coefficient ¢@ may be taken equal | to unity, which means there i is no loss up to 
se section 1- 1, Fig. 5. = M. Bobin,* who uses a similar method of attack, makes 7 
Pe statement as to the correct value of ¢, but in one example uses a value of - 


0.95. , So far as 1 the writer kr know s, an experimental determination of the 


energy ei in a free overfall has not been made previously. Since the flow ; 

char acteristics in the remainder of the structure are dependent upon the energy 

Joss at the ba ase of the fall, the firot i aim of this investigation was to » determine | 


simple two- dimension: il drop ot 


Cosormtons SHOOTING TAILWATER 


When there was shooting flow in n the lower channel, the energy loss at the 

base of the fall could be most easily | inv restigated because the ares area being s studied 

was unaffected by downstream disturbances. 


Energy Loss « at Base of Fall.—When these studies were begun, it was felt 
that the energy content in the lower channel could be determined by obtaining 
the value of d, and applying the relation 


in 1 which q ‘is discharge per foot o of w w “idth, should be noted is very 
sensitive to changes i in the value of dh. . Obviously, then, the accurate 1 measure- 
ment of di was essential, but the > presence of heavy spray near the base of the 


‘all prevented this by introducing er errors s which, in the case of thin flows and 


of velocity. hen an investigation revealed that the velocity profile 
below the fall \ was not uniforn m 1 and, cere that the basic assumption 


is approach to the problem ; 


was found necessary evaluate the v ve 


 4“The Design of Stilling Basins,’”’ by P. M. Bobin, Scientific Research Inst. of 


_ Transposing and introducing the expression for = 
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of the fall. 17 This was accomplished by using a hypodermic needle to obtain 
total head and bottom: piezometers to determine the : static head. _ For. points 


the. transverse oe ag of depth w was as made i in n the atatic head reading. For 
_ each of three stations in the downstream channel, velocity profiles w were taken - 
at the lateral odd tenth- -points, and plots \ were made showing values of velocity, — 


and velocity cubed, The velocity energy at each station was computed 


from the s summation, —~—-, which gives the average kinetic energy per 


‘pound ‘of fluid flowing across the section. Measurements s also were taken of 
the surface elevation as given by the point gage, and of the bottom pressure as 
- by the piezometers. The data for each run were plotted as show min | 
Fig. (6, in which 2 Z = the elevation of the plane of the horizontal velocity a 


Depth Velocity Depth Velocity Depth Velocity 


Values of 


| 


Distance from Fall, in Feet 
SURFACE AND | VELOCITY CROSS SECTIONS 


SURFACE ON THE 
CENTER LINE AS DETERMINED —|—~ 
POINT GAUGE OR BOTTOM 


PRESSURE MEASUREM ENTS eVelocity, in Ft per Sec 


er Sec 


2... 36 35 x 


Fic. 6. —T PICAL OF Puorne, PRESSURE, anp VELocrty MEASUREMENTS THROUGH FALL 


= venturi meter reading = 0.42 i in. of mercury; 3@ = 1.218 cu ft 
per sec; Hyer 380 ft; do = 0.272 ft; d = 0.152 ft at 5.0 ft from the fall; and 


= specific energy y. runs were made with the fall height 
rad)” 
0 of 1. 5 + ‘covering a range 0 of ZL from 3.0 to 14.6. The value of d, ° 
0.50 ft to 0.103 f The fall height was then decreased to 0.5 ft, and five runs 
“a “wer ere made that covered a range of ratios = from 1.0 to 4.85. (A minimum 
value 0.1 was ‘set for de in order to avoid the range | ‘Viscosity and 
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ENERGY LOSS 703 
~ surface tension exert appreciable effects on the flow. ~ Because extremely small 
“depths were avoided, and because of the disturbed nature of the flow below 
os the fall, negligible ‘ ‘scale effects” are to be expected, and the results can be 
~ applied to actual field cases without modification. )- Thee energy EB, at the base 
of ead fall was taken as the sum of the integrated velocity energy and the © 
average depth at the section. ne experimental values of are 
plotted against in curve @), Fi 7a). In to “compare ‘this: curve: 


q 
4 


| | 
it 


C Series;h=0.5 Ft 


4 
‘Values 


oF _—Enerey at THE Base OF THE 


af 


tion, 
, curve (1), 


The difference betwee een these two curves the energy divided 


“AR 
7 depth, == 


show more clearly the effect of — on the 


rate of energy loss, Fig. 7(b) was prepared, in which the energy loss is presented 
as a fraction of the fall | height. Although this indicates that as much as 


two thirds of the energy released by the fall ‘may be dissipated as the il 
ail the fla flat bottom, for a small value of — - (say 1.5) only one fifth of the 


With a given dele: and fall height, more effective 


— 
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— 
4 
| 
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energy 1S dissipated. 


ENERGY LOSS 


"dissipation | may by increasing the width the overfall 
and thereby reducing the value of d, EO 


‘i —® alues of the velocity coefficient @ were calculated from the observed energy 
wie and plotted in Fig. . 7(b) as a function of = i Since the use of ¢@ in Eq. 4 
c 


involves solving a eubic equation, this curve is of less p “practical value than 
*. curve (2), Fig. 7(a), which gives, directly, the energy co content at the base of 


‘te depth ater behind the fall in ‘the dow n- 
stream channel (see Fig. 1). It was ‘realized that if the ventilation “were 

- insufficient, a low-pressure : area would be formed under the fall as air bubbles 
were trapped and carried downstream, thus causing the water level behind 


the fall to rise. ever, showed that. the ventilation was 
to maintain essure — fall, and that 


counted for by the 


tum principle to. the falling jet 
requires a knowledge of its 
: and of the velocities attained. 
= difficulty was avoided by 
"dealing ig separately with the hori- 
zontal and vertical components 
of momentum. Since the ver 
tical force component resulting 
from the change in the vertical - | 


must be taken by 


the bother, the horizontal change of momentum may be dealt with ina manner 
similar to that used for the the hydraulic j jump. \ Referring 1 to fi ig. 8 and a 


friction, the momentum. equation gives 


. 


sent the hydrostatic 


ge aa mentum between 


e hy e given by 
ven by 


“Hydraulic Structures,’’ by A. Schoklitsch (translated by Samuel Shulits), A. S. M. _E. 
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 — in which the terms on the left side of the equatio 
a forces and the right side gives the rate of chan ; 
sections c—c and 1-1. 
— a in which d; is the depth of standing water behind the fall. Substituting Eq. 7) © 7 
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In attempting to check this relation values, difficulties 


were € encountered because | it was nc not possible to measure d, accurately for the 
‘reasons mentioned previously i in 1 dealing with losses at the base of a fall. 
To overcome this difficulty a value of d, was calculated from the experimental — 


value of Ei, using Eq. 5, or: v 


1/ 


gave a more robable av erage » value for dnt than could be with | 
a point gage in spite of the fact that the method of calculation assumed an a 


artificial condition of uniform velocity at the base ot of a fall. The value of dy was 


an CoP 


a DEPTH OF (b) JUMP COMPUTATIONS COMPARED 


01 03 04 060.1 (02° 04 05 06 O07 
Fie. 9.—CurvES OF M Bavartons 


rena accurately, from the p piezometers. In Fig. 9(a) a a plot of the mo- 


mentum Eq. 8 a. 8 is compared with experimental values of — and This 


de 
curve demonstrates that the ‘Presence of standing Ww vater behind the fall : can _— 
~ explained | by the change i in horizontal momentum as the water strikes oa 
channel floor. A knowledge of the presence of of standing water behind the fall 


and of its depth should be of value in making stability calculations ¢ of a drop 
structure, 


Frow Conprrions WITH TRANQUIL TAILWATER 


‘The ‘second part of the investigation checked t the vertical elements of ‘the ard 


jump below a fall against the momentum equation, ., and included an investiga-_ es 

tion of the longitudinal characteristics of the flow as influenced by the tailwater. . 


in Eq. 7a, introducing the continuity equation, and solving for — 
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-* series of runs was made with the ‘iii adjusted to form a ae 
jump at the toe of the fall. In addition to determining the surface profile ; and 
bottom pressure throughout the length ¢ of the jump, | velocity profiles \ were 
_taken on the center line of the channel. A good indication of the variation in 


Velocity: energy along the high- velocity jet that undershoots the “roller” of 
jump obtained from integrations” based u upon the velocity profiles. 


Fig. 10 presents : a sample plot o of these date ita, in which (similarly to ‘Fig. 6): 


0.40.2 0.60.4 0.2 0 1.02.0 3.040 0.60402 010 


@) 


LEGEND 
© Surface 


Specific Energy 
4 Velocity 


_ Height, in Feet 


Be 


Bottom Velocity 


05 10 15 30 3S 
Distance From Fall, in Feet 


Fie. 10. —T rican PLor or Data For A JUMP AT THE Tor oF THE I 

_ Z = the elevation of the plane of the ho ntal velocity traverse; hy = 1.55 
= t e eva ion 1e p ane 1e Lorizon il veloci rav erse; | ly 
ft of water; 0.664 ft per sec; = 0.255 ft; do = 0. .182 ft; d = 0. 6 


7.0 ft from the fall; an and 2 aA) | rer is the specific energy. 


_ tudinal variations of the v elocity head and the specific energy head are shown. 
by the dash and dot- dash lines, respectively. _=* interesting to note e how 


rapidly energy is lost near the start of the j e jump. dotted line | shows 


_ 


_ way ‘in which the bottom velocity decreases in hen dow nstream direction. 
‘The boundary of the undershooting jet was taken as the zero velocity point 
of the velocity profiles i in the 1 region of the jump. : 
E of Jump —The ver elements the 


(10a) 
1932, p. 241. 


as. “Hydraulics of Open Wana by Boris . A. Bakhmeteff, McGraw-Hill Book Ca., Inc., 
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Calculate 
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The ratio was computed from experimental values of dz taken with 


- point gage, and — was computed from experimental values of —- using Eq. 9. 
Fig. 9(6) shows that the v ralues obtained from the momentum equation are in 

1 


good agreement with those obtained experimentally. ‘This indicates that = 


Ey 
computed from — may be used i in the c calculation of the 1e hy 


4 


a in which d, is the depth of water at the toe of the fall before the Jump and dz is © " - 
the depth of water after the jump. 
— 
| 
| 

7 
q 
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— 
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| 
LG is now possible to combine the experimentally determined energy wk | 
with the standard hydraulic jump equation. to calculate the e minimum depth « of 
tailwater: required to form the jump. The values “may be taken from 


curve | 2), Fig. 7(a), and then the value of = “may be using Eqs. 9 


and 106, These computed values are plotted as curve e (3), ‘Fig. 11. Curves 
(1) and (2) are ‘eplotted from Fig. 6. The plotted points on curve (3) are. 
experimental saaceaaeaes of — q obtained with the point gage, and they are in good 
as agreement with the : nial curve. ‘The question arises as to how closely 
they agree with those computed o1 on the assumption of no energy loss at the base 
of the fall. = ‘The results of such a computation, presented | as curve (4), Fig. 11, 
‘phe 10W that for low relative fall height, the ‘agreement is very good. 
s the relative fall height is increased, however, the curves diverge until at 
— = 12, the no-loss curve (4) is about 20% above, and curve (3) is about 5% 


“Since as “much as “tw of ‘the energy liberated at ‘the fall 


rv e, Ww hich assumes no loss at the fall, so with the one 
all losses are considered. The answer to this apparent inconsistency | lies 

— in th the fact that the value of — is quite insensitive to the specific sail of the 

‘stream entering the e hy draulic j jump. p. Although the height | of j jump p d; will be 

increased increase in the of the entering: 
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values of of 1 Gin w which is the kinetic flow 

factor a - section 1-1) is included for those who are familiar with Bakhmeteff’s 


kinetic flow factor. It will be noted that —* may over a considerable 


ange nge with o only a small change in ; 
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give | a tailwater depth : as much as (20% high. some instances 
this: will a desirable factor of ‘safety against the jump being 


the prea of the jump as an energy dissipator. 


B. A. Bakhmeteff and A. E. Matzke 


1a. 13. —Lonarru DINAL PROFILES OF JU MP 


_ Longitudinal Elements of Jump.—A ¢ comparison was made of the longitudina 
ole of the jump with the results ‘given by Professor Bakhmeteff and A. E 
Matzke,” Jun. . Am. Soc. C. as as shown in ‘Fig. 13. Since the 
piezometers gave a good means of averaging the large fluctuations that occur 
in the surface, they were used to indicate the profile « of the j jump except at its: 


very beginning where a few point-gay -gage readings we were used. Because of non- 
hydrostatic pressure distribution, the piezometers have a tendency to read 
slightly high in this | region of rapid | expansion. This may account for the. fact 
that the profiles rise more rapidly at the start than do those presented by 
Messrs. -Bakhmeteff and Matzke. The profiles given by the | writer 
‘that below a free overfall the jump is about 20% longer than is shown. by the — 
curves of Messrs. . Bakhmeteff and Matzke. Since their jump was formed 
downstream from a regule iting sluice, lack of agreement: may be caused by a 7 
‘difference i in the velocity profile of the ‘shooting flow entering the jump. —— 
velocity measurements and the energy summations show that the 
kinetic energy in 1 the 1 undershooting jet is s dissipated | by the t time the surface 
profile indicates maximum depth. This. means that the end of the jump as 
indicated by the surface profile onan the end of excessive velocities in the 


__ 7**The Hydraulic Jump in Terms of Dynamic Similarity,” by Boris A. Balhae and Arthur E, 
Transactions, Am, Soc, C. E., , Vol. 101 (1936), Pp. 
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undershooting s s statement applies t to w well- formed d hydraulic j jumps an and 


may well apply toa submerged jump. 
«Effect of Changing Discharge-—By using curve (3), Fig. ] 11, it is possible t 


: obtain 1 the minimum tailwater depth necessary to support the jump for ‘any 

overload and ‘underload characteristics when the tailwater level i is controlled 


slope and roughness of the downstream 


relative fall height. _ This relation may ‘be combined with the Manning formula 


@utbd 1.486 50.50, 


in which b is width of channel, n nis 1 Manning’s roughness | coefficient, R- is 
_ hydraulic radiu: radius, and So is the slope o of the. channel bottom. 


For two-dimensional flow, R= and ; therefore 


Introducing the r g into Eq. 116 and rearranging g gives es 


Fora a ¢ given channel the values of So and n n will be constant s so that, in Eq. 12a, 


486 


= C = constant; and 
« 


n 
20 


TABLE 1.—RE ative TarLwaTeR s SHOWING OvERLoAD AND 
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: 
-Rearranging Eq. 12b gives 


= 6— = (’ 


Eq. 12c shows that when the tailw: ater. is s governed only by slope ¢ and roughness — 


of ds vs vary as the tenth root ‘of the critical depth. 


Table 1 gives relative tailw ater depths, qd,’ for t two | free © overall structures 


- discharging various proportions of their design capacity, Q. At their design 


flows these have rel: ative heights,» 10 ‘and 


Cols. 4 and 7 7, , Table 1, show the tailw ater required to form a jump iin 
to curve (3), he Cols. 
5 and 8 give the depth as reg- 

ulated by the slope and rough-— 


of the dow: nstream chan- 


nel calculated according to Eq. <5 - 


Manning for ‘mula. The: results 
show that, as the discharge 

the design flow Q, 
tailwater as regulated by the 
stream channel will tend 


to exceed that r necessary to form 


jump. hen the discharge is 
less than the design flow, the 
opposite ‘tendency. is indicated. 


Note that the differences 


tween ‘the values of ds required 


t support the j jump those 
1 are” 
ve ery “small. Therefore, if the 
8 10 12 14 16 18 20 22 24 26 28 

de esign tailwater depth i is chosen Values of - 

alittle high, the structure ‘should 
perform satisfactor ily ‘Fig, 14, —Errecr | T OF SUBMERGENCE 
wide range of discharges. 


_ Effect of Submergence.— hin investigation was made to determine the effects 


of increasing the tailwater until the jump was completely submerged. | Data 


similar to those shown in Fig. 10 were obtained for a single fall height ratio 
(> 5. 5.88 , with, four tailwater doyths — = 2.39, 3.01, , 3.42, and 3. 94 
The first of these was just sufficient to o hold the j anieed at the base | of ane fall and 


Values of 


o 


la || 
p may be taken from curve (3), 
is | 
= 
— 
— 
b) 
| 
| im 
— 
— 
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11—that 
22, Teh aiees values caused increasing submergence. By plotting the 
velocity energy in the high-velocity jet against the distance downstream as in 
Fig. 14(a), it was found that i increasing submergence caused the b high-velocity 
jet to persist for a greater distance. A plot of the bottom velocities (Fig. 
also_ showed higher values, nstream as the tailwater depth was 
7 : . This s would ir indicate that oversubmergence of. the jump may require | 


bottom protection to be extended farther down the channel . It is felt that 


_ further study should be made of the effects of i submergence on th 1e rate se er 
It will be noted that in energy in connection with 
elevation, pressure, and axial velocity energy were 
considered. Two other forms , turbulence heat energy, cot could not be 

- Methods of measuring turbulence energy have not yet been developed to 
the point Ww here > they are practicable for standard laboratory use. It was not 
possible to measure the increase in heat e energy from the rise in water tempera- 

_ ture, because of the minute variations involved. For instance, the complete 
conversion: of 0. 01 ft of head ‘to heat , would cause a temperature rise of the 

order” of 1. 3 times. 10-5 5 degrees Fahrenheit. If the turbulence and heat 
energies h | been measured, , they ould undoubtedly account for the so -called— 
“dissipated energy. * Iti is regretted that this ‘ ‘dissipated energy” could not 
be separated into its component parts. The heat energy is truly dissipated in 
the sense that it i is no longer available to scour the channel, but it has been 


demonstrated that the turbulence energy is is available for the entrainment and 4 


suspension of sediment. 


‘This i investigation has only started to solve the rin that are inv one’ 


yma be as follows: 


he loss. of head at the of the is s neither ne 


(2) The depth of w ater er sti unding behind the fall is greater than ales 
of water ‘shooting from the base of the fall and may be computed from the 

(8) The momentum e equation for the hydraulic j jump np may be e applied to the 
oo conditions at the base of the fall to determine the vertical ne 0 


(4) The longitudinal profile o of the jump is in fair agreement with the profile _ 
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6) The velocity energy of the undersooting - is spent by the time the : 


©) of the j jump will cause the jet to 


for a greater distance downstream. 


(7) The free overfall two- dimensional drop structure will perform satis- 


-factorily over a wide r range of discharges. 


This investigation has provided information ‘sufficient to enable the 


hydraulic engineer to produce a 2 rational design for a two-dimensional drop- 
structure, the performance « of which can be predicted accurately. __Probably it 


is is even more important that the designer can now obtain at least a: first approxi- 


mation of the performance « of those more ‘complicated structures that circum- 


stances usually necessitate. 
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APPENDIX 


“Notation 


The wing letter symbols, used in 


American Standard Letter Sy mbols. for Hydraulics, prepared by a ‘Committee 


of the American ‘Standards Association, with Society representation, : and 

approved by the Association in 1941:5 


A = eross- sectional area of flow; AA = of area used in 
and energy summations; 


b = width of channel; 


C= = (C and are constants in Eqs. 2); 


d= = depth of water: 


dg = depth of — at the cres crest of the OV erfall— that i is, ats sec- 
tion 0-0; 


- — of w ater at t the toe of the fall before the j jump— 
that is, at s section 1- 1; 


‘tal = hydrostatic critical depth = 

= depth of standing, Ww ater behind fall; 
= = height. of j jump = dy 
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_ E,, at the toe of the fall (section 1-1); _ 

2, after the j jump (section 2-2); 
AE = - loss from the crest to the toe of the fall; ; 


F = hydrostatic force; PF, » Fey Fy= = forces at sections 1-1, ee, and i 


} = acceleration of gravity = 32.2 ft per se 
height of the fall; 


ead across meter; 
- length coordinate of the j jump measured; 
= from the beginning of the | jump momentum; 

n= roughness factor in the Manning formula; — 
a = - discharge i in cubic feet | per per second; _ 

= vere in cubic feet per second per per foot of width; 

vydraulic radius; 


So slope of channel bottom; 


velocity: 
velocity a at the base of the fall (section. 1-1); 


> 


ll 


= critical velocity g de; 
a = distance dow nstream from the fall, in feet; 


y = height coordinate of the j jump, pce ‘ed above the initial depth dys 


Za = elevation of the plane of the horizontal velocity traverse -_ 
y= = specific weight of water (weight per unit volume) - 


= kinetic flow factor = Oa = Ha 
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OA SYMPOSIUM 


Discussion 


MEssrs. EDWIN F. FLEMING, 


‘AND ANSON MARSTON | 


Epwin Wenpr; Soc. C. E., AND L. ‘Fremine,” Esa. 


“Principles aa Methods for the V Valuation of Railroad Pr operty and Other Public oo 
Utilities composed 0 of the following ¢ eminent « engineers, all deceased: Frederic P. 
Stearns, Chairman, Leonard Metcalf, Secretary, Thomas H. Johnson, Alfred 
Noble, William G. Raymond, and Jonathan Snow, Members, Am. Soc. 

C. E. “In 1914 Henry E. Riggs, Past- President, Am. ee. C. E., W illiam J. 
‘Wilgus, Hon. M. Am. Soc. C. E., and the late Charles S. ‘Churchill, M. Am. - 
Soe. C. E., were appointed to the committee to fill vacancies. The com-_ 
‘mittee reported on every phase of the appraisal of public utilities, outlining 7 
the principles and discussing the fundamental aspects of t the depreciation prob- 
lem. Their report 1917 was a of its time and 80 | > far a as fundamentals 


How ever, developments in procedure have resulted from the activities ~ 
the m many regulatory agencies concerned with the subject. The Interstate 
Commerce Commission, charged by the V aluation Act of 1913 with the duty of 


‘making - valuations of the railroads and other common carriers, has § given con- 
siderable time and thought to the depreciation question, and its record on that __ 

subject consists of more than 10, 000 pages of testimony and argument. — The — 

Commission appointed William D. Pence, John S. W orley, Edwin F. Wendt, 
and the late Robert A. Thompson and the late Howard M. Jones, Members, __ 
Am. Soe. C. E. to an Engineering Board which outlined the procedure that 


followed in the field and office. | During the | progress of this work on the rail Oo 


2 Cons. Engr., Chicago, Ill. j 
Received by the Secretary | October 17, 1941. 
a 3 Transactions, Am. Lee C. E., Vol. LXXXI December), 1917, p. 1311 _ 
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WENDT AND FLEMING ON Discussions 


Toad valuations, from 1913 to rw Gare was i developed v what is known as the 


a 


The 1917 report of the V aluation Committee gave exhaustive treatment 
to depreciation theory and its a application in the field of railroad and public» 
utility valuation. This Symposium | extends that. report, i in its” fundamental 

aspects, to new fields— —competitive industry, and public works and govern- 


AS the leading thesis of his paper, Mr. Walls compares the determination 
a of the depreciation in in property as of any time by the method, v which he favors, 
= ~ of v using engineering and technical know ledge i in the same way as it is used i in. 
_ connection with safety standards, replacements of property, and selections of 
7 equipment, and by methods based on n. age-life theory. — A question is raised as 
to the consncbanes of the conclusion that future life of public utility property c can 
be. estimated on an actuarial or statistical basis in the manner that insurance 
_ companies treat human lives, with the possible exception of communication 

facilities anda relatively small proportion of other utilities. 
Most valuations of regulated industry which require estimates of deprecia- 
tion are for rate base se determinations. Here, the broad concept of constitu- 
tional ve value on the expectation | income from property and largely 


“must be ~The: rate base i is an artificial is not n neces- 
4 sarily, or often, the value of the property, and the principal problem in these 
cases is is. the determination of fair return, to toward w which the estimation of exist- — 
. ing. depreciation i is but a part. _ Fair return means what is right ar and just to o all 
pay _and it can never be more than an approximation to the ied. Throu: —- 
out the life of each element of a property, the ideal would provide a uniform 


ee of return on the unamortized part of the investment, uniform annual de- 


7 preciation charges, and a uniform - total annual cost of return, depreciation, - 
a ind operating expenses, W hich is manifestly : an impossibility to achieve. bo 
7 The estimates of depreciation must not be subject to unreasonable er error, 
and it is highly desirable that the cost of making tl the estimates be kept to a 
minimum consistent with the necessary accuracy, and also that the method 
_ of estimation used be not too complex for clear exposition before commissions 
and courts. Ss. The age- -life method is advantageous in this respect, especially 
in n the case of properties of considerable size in the valuation of which the 
_ engineer who is to introduce and support the valuation can do but a small part : 
es: the e work. Furthermore » age-life ¢ estimates are required for the purpose of 
setting, or substantiating, the estimated future annual depreciation — 
to operating expenses which come ahead of fair return; and it is difficult to 


_ tefute the argument that the same age and life estimates should determine 


depreciation existing at the date of valuation, 
_ The Interstate Commerce Commission has: made v aluations, for Tate-— 
aq 


_ making p purposes, of the pr properties of more than 1 ,800, steam m railroads, most 
a the field work being done between 1913 and 1922, inclusive. Depreciation 
was estimated on the straight-line basis, life expectancies being based, in : 
gener ral, on ‘established average lives for the different types o of property and nc not 
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on a . true actuarial basis. "Although no publication has been made of a com- 
‘parison on of the actual subsequent mortality of the railroad property tn 
with the estimates of the Bureau of Valuation, it is believed that the « pill : 
have not been discredited by the actual mortality experience. 
‘Obviously, i in estimating the depreciation applicable to a specific item of | 
"property as of a given date, all relevant facts pertaining thereto should be given ~ 
consideration by the appraiser whatever er depreciation theory i is being follow ed. 
| 


- Under a mathematical basis using ages s and lives, the size of the sample from 
o. hich the life estimates were derived and the existing and prospective changes 
q 


in conditions affecting those lives should govern the Teliance | placed on the 

| | experience « of the past, whereas under no basis can the estimated remaining 

- of the unit under consideration be ignored. The experienced and careful 


appraiser will insist on the application of judgment after an inspection of the 
: | _ property and examination of the replacement and maintenance records, what- 
a _ ever the basis; and he will reach substantially the same result by any method. 
a In short, the ‘thought in Mr. Wall’s closing sentence may be succinctly ail 


| iterated: There is no substitute for sound judgment. emi a 
| - Professor Grant opens up a subject which heretofore has not been n reported ed 


7 on by committees of the Society, and which has had but scant recognition in 7 


papers published in Transactions. The subject is an important one to the many ; 
engineers engaged in industrial w ork, the sections on engineering 


3 studies relative to a proposed new investment, and « economy - studies for pro-- 


posed retirements, are equally applicable to regulated industry. _ Teas 
_ In the matter of the so-called losses on retirements of property depreciated 


under the group. method, while . the regulations o of the Bureau of Internal Rev- 


enue » preclude the allowance of such losses, beg tax purposes, at the time of 


as deductions wes the last unit of the group is retired, if the investment in 


_ the group has not been made up through the depreciation pe wen oe 
Although Professor Grant undoubtedly is correct in his opinion that in 
- general, the decrease in value of manufacturing equipment is greater in _ : 
_ early years of the life of the equipment than in the later years, such decrease 2 
in value is not, as he points out earlier in the paper, the same thing as account- 
_ ing depreciation, and there are valid arguments against: ‘Teflecting such differ- 

ences in the rates of depreciation ‘used in determining the annual — 
charges, although they must be taken into account in estimating product costs 
and in ‘Teaching decisions relative to replacements of equipment. 

Professor Grant’s paper is excellent a and is a permanent contribution | to 
The paper by Messrs. Crum and Winfrey contains § a statement of a 

publie: policy. « engineer is an important. person ‘in the. preparation of 
budgets and the spending of public moneys: He must account for the ex- 
- ‘penditures. — Depreciation i is an element of cost and provision should be - made 
for p proper governmental accounting to aid the administrator and the : engineer 
in their public york. These authors have outlined the of the 


and have clearly y illustrated how depreciation should be used - in the manage- 
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men nt of public works and enterprises operated by governt 


proved their thesis under 


‘ 
and Until financial reports take full account 
of all items of annual costs, and account for investment in physical prop-— 
erties, they must be regarded as only partial truths. * * * Depreciation 
|) ahd is inevitable; a good government must recognize and must budget for it 
in the same manner as for other annual expense.” 
ANSON Marston, 13 Past- PRESIDENT Hox. M. Ant. Soc. C. 
7 a There has been, and still is, much confusion of thought among writers s on 
4 fundamental depreciation principles. The writer confesses that his own ideas 
have changed (he hopes come thirty odd ye years ars of study and 
considerable e writing on this subject, and he reserves res the ‘Tight to make further 
progress regardless of what he has already written. Perhaps this confession 
_. may w win him pardon for fer ‘disagreeing with some of the views expressed in the 
Symposium papers, 
- QQ) Apparently the confusion of ideas about depreciation, referred to by 
Mr. Walls and Professor Grant, is due mainly to the seeming inability of most 
x “writers on depreciation to realize the fact, and the implications of the fact, 


that i in every one of t the many agonal of purchases and sales, the world over, 


‘casted (not the (not the actual), future (not the past or 
the present) annual operation return values of the services yet to be rendered 
by the item purchased. The ‘he result is confused references t to “physical de- 
terioriations,” “wear and tear, ” ” “obsolescence,” “inadequacy,” and ‘ ‘super- 
session” as if ‘they were agencies whose effects ‘on depreciation | could be cal 
culated in some mysterious way other than by judging their probable effects | ; 
upon probable future service lives (expectancies) and upon probable ratios of 
future to average annual operation | return values. There has been a ‘ ied 
spot”? here in thinking about value (including the negative. . value called de- 
preciation).— this “ “blind spot” is ‘is not e1 entirely a a universal afiliction | 
_ shown by Professor Grant’s lucid statements in the “ ‘Synopsis” and ‘ “Example q 
4 ” Element (3), 1 that, ‘It i is the | look fo forward that i is 1 relevant i in the appraisal; : 


he look backward (at age) is s only useful if it helps i in the look forward (at | 
lifeexpectancy).” 


a me) Their mental “blind spot” as as to the vital réle of forecasts in 1 determining, : 
3 . value and depreciation has left most writers on depreciation in much the same 


situation as as the old Roman water supply engineers who v were e unable to conceive: 


addition to the cross section of ' the stream. | So Frontinus, in his famous book 
(translated by the late Clemens Herschel, Past- and Hon. M. 
Soe. C. E. -), had a hard time trying to explain why the sum of the cross: sections 
of the aqueduct flows was not equal to the sum of the ‘ “quinaria” units: of area” | 
of "deliveries from the aqueducts, just ¢ as writers on depreciation become 


fused about it its fundamental aspects. 
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irom the the depreciations a and — based on the forecasts: 


vices, but their hich dene mine the true the true 

. ralues at the time the forecasts were made. In estimating values and deprecia- 
tions of values the engineer is concerned primarily with exchange values, what 7 
willing purchasers > will pay and willing sellers take, in mediums of exchange or 
"goods, for the units of pr operty bought and sold. > The other shades of m meaning : 

— sometimes given by usage | to the term ‘ “value” (and discussed by Bonbright i in 


the two volumes: to which Professor velers’) need consideration i in 


"tionships to basic | exchange - Tucked away inconspicuously o on 
a page in Bonbright’s work" will be found a quotation from the decision writen 
- by the well-beloved late Justice Oliver W endell Holmes of the United States — = 
su upreme Court in an inheritance division case, as follows: a 
“The value of property as of a certain date, like all values, as the 
word is used in law, * * * depends largely on more or less certain prophecies" 
of the future, and the value is no less real at that time if later the prophecy 


turns out to be false than when it comes out true. 


@) Another widespread, unfortunate misconception about the role of fore- 
_ casts is the idea that once 1 made they should ever afterward b be adhered to 
regardless of actual later service the contrary, re-examinations 


annual operation return value sation to the forecasts 

_ corrected to agree with the facts of actual service life. — _ Industrial 

_ properties are not inert. They are changing constantly, partly from. changes 
in management policies and business conditions, and partly from retirements, 
ved replacements, and additions « of physical property| ‘units. The teplecemant 
items often differ greatly from those retired. i imminence of inadequacy, 

] obsolescence, and supersession n functional retirements must always be considered 
in making the repeated new forecasts. — Upon completing each | new f forecast — 
7 that conflicts with the preceding, the current depreciated values of the current | 


: existing property items, or groups of items, should be taken as new deprecia-_ 


tion bases. In this manner, the annual actual depreciations are distributed 


ance with the actual cu mulative growth of. 
6) The writer : agrees with Mr. Walls’ view (see Synopsis”) that ‘‘depreci 
tion in property as of any time is an accomplished fact”; and tl that, “to ree 
= mine that fact, engineering and technical knowledge should be used * * * 
Ke 


course, in the most correct, simple, direct way].” aebeiamik 


“Valuation of Propert by J. C. Bonbri ht, McGraw-Hil Hill ll Book Ine., 1 937. 


Ithaca Trust Co. vs. United States, 279 U. S. 151 (1929). 


2 i determining depreciation and value is the entirely mistaken idea that ifthe — 
| 
4 | 
2 
— 
— 
1 § 
t 
k — 
| — 
—_ 


s are the same 


- ferent classes 0 of property differ as to original costs, costs of of capital, and rates: 


(8) It is the writer’ ’s view, apparently somewhat d different from that of Mr. 
Walls, that the correct way to apply engineering and technical knowledge i in 
estimating depreciation is that described in Paragraph 5, herein; and that 
industrial property mortality curves can be of great value in the work. Hun-— 
dreds of such mortality « curves have been prepared from actual mortality data 

of different kinds of physical property and it has been found that some eighteen | 

a or twenty types ; of curves may be used to represent all classes of these prop- 
erties. — In the technique of using them, these types of curves serve simply a 
aids to the judgment of forecasters w “ have examined the units personally, 
 @) The writer: has been greatly interested 1 in the paper by Professor G Grant, | 


especially i in his ‘exposition of the economic principles that should — n judg- 


units. The writer concurs almost. completely i in the views s expressed i aig this 
(10) Concerning concepts s of depreciation t the writer’s own idea of the vad 
rect concept is stated in the “Definition | of Depreciation” "given by Messrs. 
Crum and Winfrey (see “Value and Depreciation”). may be termed the 
“present worth” concept. In the technique of its use, e, the effects of heal 


P 


The original cost new, less salvage customary 


(b) Fair value new, less salvage the Baltimore Street Railw ay 


Case decision, 6 legal public utility depreciation—and for valua- 


Repr oduction “cost new, less salvage value— 


The are ‘the same for all 
-preciation bases. For Professor Grant’s Example 1, the salvage value i is na 
the original cost base i is $5,000, the reproduction cost base i is $6,500; and ne 
“straight line” ’ condition percentage is 80%, the original: cost depreciation i is 
$i, 000, and d the reproduction cost depreciation is $1,300. . (The $200 difference 


from Professor Grant’s reproduction cost depreciation i is his adopted additional 
_ deduction for the less modern design and assumed higher early maintenance ' 


(12) The writer indorses almost completely Professor Grant’s views about 
“Economic Studies for Proposed Retirements” and “Depreciation in Pricing © 
28.” Concerning their application in Example may be remarked 


that the longer the expectancy of the existing property ‘‘old asset, ” the less. 


t. Re ——— Railways and Electric Co. of Baltimore vs. West, chairman, et al, 280 U. S. 234, 247, ” Sup. 


Sup. Ct., Jan. 6, 1930, 
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November, 1941 | MARSTON ON DEPRECIATION PROBLEMS 
Z certainty there can be that its retirement w wnid be wise on the basis of a cal- 
~ culation involving so many factors that can merely be estimated. The result. 7 
of the calculation, as Professor Grant stresses, can be changed greatly at will _ 
by changing the assumed rate of fair return, or the estimated service life, and 
especially” by changing the estimated ‘ ‘annual disbursements.” Professor 
Grant’ s calculations show ‘that a a 40% decrease in the estimated annual dis- 7 


Boos pay for the substitute unit will increase the calculated wise cost pay- 


ment for the substitute 245%. Is it likely that this situation is a main 
/Teason for adopting a management rule that new units substituted for present 7 
| units ¢ ‘must pay for themselves in a short time”? 2 Nevertheless, such compu- © 
tations as those in Example 3 are better helps to judgment than mere hunches ~ 

in deciding when retirements are wise. In his own practice, the writer has > a 
been restricting the use of wise retirement mathematics to cases in which the 
of the ‘ e “old assets” are re nearly 0 without material disburse- 
ments for | “extraordinary repairs.’ 
Example 4 furnishes a good illustration of what little difference of 
opinion about the “annual disbursements” a substitute unit would do to 


valuation of the “old asset”’ on the basis of wise retirement mathematics. 


Decreasing the estimated annual disbursements on the substitute unit only 
, 10% cuts the appraisal value of the old asset 53% (from $663 to $312). ” — 
(14) The writer "finds himself unable to agree with Professor Grant that it 
i“ Ww wel be feasible, or desirable, or even correct, to substitute wise retirement 
- mathematics for the present, well- tried | and established methods of making 
_ engineering valuations of industrial prop properties. The trend of progr ess in valua- 
_ tion methods is in a | quite ¢ different direction. . Thee courts, federal tax officials, 
and valuation engineers are e shying 1 more and more away from theoretical formu- 
las to the solid bases of: (a) Continuous-inventory property ledger accounts of the 
actual original costs of all physical property units (or groups of units); (b) total 
and annual depreciation allowances that check closely with complete mortality 
Tecords of physical property retirements, and which create and maintain | de-— 
‘preciation reserves just equal to the total actual depreciation; (c) infrequent _ ~ = 
- changes | in the values new and corresponding di depreciations not of the total 
but of individual old property units to allow ‘for the effects in present values a, 
gg of changes i in price levels; (d) inclusion of only actually disbursed overhead — 
| = -cost expenditures on the values, new; and (e) only very ry conservative a 


Pes. Although Leal writer i is in in accord almost completely with the: ideas 


> 


he rules himself disqualified, for obvious r reasons, to © comment on this able paper yn 


= Finance” of the fundamental ‘aspects of the depreciation problem, ae 
rkers, Director Crum and Professor 


a his former ‘students and present co-w 


W infrey. 
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ANALYSIS OF STATICALLY INDETERMINATE 


TRUSSED STRUCTURES BY. 
APPROXIMATIONS 


“VoopHIGULA, J UN. SOC. CE. 


O. T. Jun. AM. Soc. C. E. (by le letter) -Professor Castle- 
+% of a continuous truss. It is obvious that much work can be saved in ‘computing 


the carry-over factors and the single redundants, Ww hereas i in the case of the 


4 reaetion redundants et every member must be included in every computation. | _ 
writer has no objection to Professor Ellis’ preference for illiot Strain 
Equations. the methods used i in analyzing ‘statically indeterminate 
‘structures are fundamentally the method of distortions or deflections. 


Mr. Peery’ s discussion is very interesting. writer fully : agrees with his 


statement that “It * * * is more important to select the redundants in such a 


pa Manner as to simplify Eqs. 3 than it is 1 is to simplify | the actual ‘solution | of the 


equations.” In the example chosen by him, it is possible to obtain a direct 

_ solution, because the redundants act at the clastic center, where a a redundant 

no on the others; in other words, the. carry- over factors ai are we 


Dean Grinter’s comments are very pleasing, 


Nore. —tThis paper by O. T. Voodhigula, Jun. Am. Soe. C. E., was published in January, 1941, —_ 
ceedings. Discussion on this paper has appeared in Proceedings, as follows: March, 1941, by Francis L. 
Jr.; E.; 7. by Messrs. Charles A. Ellis, and David J. 

an ay, 1941, by rinter Am. Soc 
Municipal and Public Works, Bangkok, Thailand, 


Received the Secretary September 29, 1941. 


man points out the advantage ¢ of choosing m members as redundant i in the case 
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HENNES, ASSOC. Am. Soc. 


R. G. -HENNEs, Soc. C. E. o_In{ this pa paper the authors have 
advanced the development of soil mechanics and have, perhaps, somewhat shifted 
course ¢ of that development. All tools avs ailable to the engineer for the 
- design or analy: sis of earthwork and foundations are ‘notably of limited applica- a 


tion. Each new tool supplements rather than supplants the older. In 


opinion n of the writer ‘stability analy sis by summation of forces along s a curved 
>. surface will remain the more convenient and more Teliable 


- method for estimating the stability of earth slopes. Quite possibly, ‘the ac- 
. curacy of the conventional procedure can be improved by determining the dis- 


2 tribution of normal pressure along the slip curve by the proposed “method of © 
7 analysis, instead of by assuming a vertical pressure at each point proportional | 
to the e height of the overlying column of earth, 
Ins studying the stability of the foundation of embankments the new method 
offers cpportunity for improvement over solutions that depend upon formulas: 
: based on the assumption of a semi-infinite solid, by providing a better approxi-— 
‘mation of stress distribution over the base of the embankment. 


‘The authors state (see “Introduction”) “that the terms ‘elastic’ and ‘plastic’ = 


used i in n the structure.” There i is danger that casual might 
Sonatas this statement to 1 reitie that the validity of the analysis is independent 
of the elastic properties of the material, whereas s actually st such is ; not the case. 
‘The authors have not freed the soil from the necessity of pretending 
- that: sand and a gravel f follow Hooke’s law. This they Tecognize elsewhere here in 
x the paper. — The assumption that stress is proportional to s strain, of course, is. 
: common to all the usually accepted equations for stress distribution; but the 
error thus introduced is less consequential than in the present case when, as in a 
consolidation studies, the object of the analysis is the computation of relatively 7 


7 small pressure changes that occur at considerable depth due to a surface load- = 


Kine AB 


Norz.— -This paper by R Glover, ‘Esq. and F. E. Cornwell, ell, Esq., ‘appears on pp. 639-1656 of this 


77 
Associate Prof., Civ. Gabe. . of Wash. % 
4a Receiv ed ad by the Secretary | October 16, 1941, 
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HENNES ON GRANULAR MATERIALS 


It is to be hoped that further development of the authors’ attack on the 


problem of stability may introduce a substitute for ‘Eq. 3. it appears to the 
7 riter that triaxial compression tests provide “grounds | for believing such a 


development : at least a possibility. from a limited ‘number of triaxis il 
tests on sand performed at the University of W ashington | at Seattle, WwW ash. 


indicate that, for a giv en lateral pressure, the 1 major part of the. panes stress- 
strain curve can be fairly well described the 


in w hich « € ‘represents strain, m and n are constants for the given test, and | Ci is 
a the base of natural logarithms. ‘Then next step would be to formulate an e: ex- 
pression for strain involving both axial and lateral pressures. a Arie _ 
gi Eq. 3 ean be « obtained by substituting for. strain. in mone of stress in the 


4 


substitution of the former in Eq. 31 would provide a basis for improving upon 
Eq. 3, and would possibly lead to more realistic solutions than Eqs. 15, 
_ It is true that such a development, if successful, would increase somew hat 
the amount of laboratory work pr erequisite | for mathematical analysis. _ This q 
in itself would be a . healthy situation. The general adoption « of more rigorous — 
mathematical methods has a tendency to obscure the dependence of all analysis — 
on 1 the accuracy « of the basic physical measurements. Enforced reliance on the | 
laboratory serves to modify overconfidence by mathematical 


=~ while at the same time it helps to justify use of these s same theoretical _ 


ing. In the it of the stress-strain curve is involved, 
> 7 and this short arc might reasonably be replaced by a straight line. On the a. 
a _ other hand, by its very nature a stability analysis of an earth dam presupposes | 
: = _ the possibility of stress intensities ranging in value from zero at a free boundary — 
— 
— | 
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, AND Em P. ScHuLEEN,* Assoc. 
Am. Soc. C. EK. (by letter). “a_That § so many distinguished engineers | have 
seen fit to » couche to the discussion of this ‘paper is a source of gratification — 
t to the writers, and they are glad to acknowledge the the constructive nature of the 
comments and suggestions received i in this way. Their aj appreciation should 
‘= be obscured by the ar gumentative - tone of ‘this final closure, which, of 
necessity, must be devoted largely to answering specific questions or criticisms. 
ie Mr. Fee makes a number of criticisms of the analytical methods of the 
_ but t the writers cannot concede the validity of any of his arguments. 
In his discussion of Fig. 5 yand Kas. 1 to 4, ‘Mr. Fee discards the writers’ assu 
tion that the slug of water travels with constant kinetic energy and assumes a 
that its constant. develops | Eqs. 14 to 
on the latter basis, and, because Eq. 17 does ‘not agree \ with Eq. 4, he states that 
the writers’ “entire a1 argument ‘must therefore be regarded a as unsoun ~ Te 
writers would like to point out that in this problem the assumption of constant 
momentum | is quite inapplicable. In accordance with Newton’s laws of mo- 
— tion, the momentum of a mass of material remains constant only if no unbal- a 
‘anced external forces ¢ act on t] the material. In this problem a large unbalanced 
force acts on the slug of m moving water—namely, the ‘upstream component of 
the pressure exerted | on the slug by the walls of the tapering channel. | Cader 
| the action of this force, the momentum of the slug i is 3 quickly reduced to zero. ee 
Therefore, t to o assume that the momentum is is constant i in this problem i is indy E 


_ Norg.—This paper by Harold soma M. Am. Soc. C. E., and Emil P. Schuleen, Assoc. M. Am 
af - C. E., was published in November, 1940, Proceedings. Discussion on this paper has appeared in 
- Proceedings, as follows: March, 1941, by "Jerome Fee, Assoc. M. Am. Soc. C. E.; April, 1941, by Messrs. — 
Leman, P. 8. O’Shaughnessy and E. 8. Randolph, and Carroll F. Merriam; May, 1941, by Hunter 
_ Assoc. M. Am. Soc. C. E.; June, 1941, by Messrs. G G. H. aaeatasite and J. M. M. — and O Octob - 
1941, by J. H. Douma, Jun. Am. "Soc. C. E. 


Prof., Dept. of Civ. Eng., Carnegie of Technology, Pa. 
= Sender Engr., U. S. Engr. Office, Pittsburgh, Pa. 
Received by the Secretary | 6,1941. 


4 

CAVITATION IN OUTLET CONDUITS 
By HAROLD A. THOMAS, M. AM. Soc. C. E., AND EMIL P. SCHULEEN, 
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THOMAS AND CAVITAT 


of constant t kinetic 


“What be af thin of: Ww ater, if the 


A section of the narrowing passage, shown in Fig. 5, had suddenly © 
ceased to taper at a certain point, and had continued, instead, asa constant 
ye section of indefinite riter can only imagine 


, = 1 to 4 will demonstrate that the pressure in in the w vater of the slug becomes 


to break into as enters the | section. experi- 
"mental demonstration of this action may be made with a quart bottle whose 
form approximates two cylindrical tubes connected by a tapering section. dif 
_ the bottle i is filled about a pera - . Ww ater and i is then held mouth upward 


shown to even better piece o of apparatus: consisting of a l-in. 


glass tube about 1 ft long, drawn down to a . diameter of about 3 in. in its ‘middle 
third. ~ About an ounce of water may be placed in the 2 tube, wail the ends sealed 


after exhausting the air with a vacuum | pump. — W hen this apparatus i is jerked 


back and forth, the disintegration of the slugs of water as they enter the con- 
stricted section is — _ The existence of this phenomenon is 8 


Fee’s contains the sentences: “Referring n next to 
Table 3, there are two very different phenomena that should be distinguished” 
flow and im impact. “The e authors apparently have no diffi- 
eulty in transferring quantitative results: from one case to the other. Ir In fect. 
_ they seem to make little distinction betw een them. ” The writers feel that 
“ae ‘& comment contained in these sentences is quite unjustified. . The entire 
. phenomenon under discussion i is one of impact caused by a detached mass of 
_ water striking a stationary solid or liquid. In preparing the condensed column 
headings for Table 3 and the accompanying explanation, the w titers fel felt 
this p point 1 would be so . thoroughly appreciated by the reader that it would be 
-_ unnecessary to include specific statements that the data were inapplicable to 
Mr. Fee’ ’s discussion devotes more than a page to a derivation (suggested 
; _ by the method of Messrs. Diederichs and Pomeroy") of the ordinary formulas , 
for water-hammer ‘pressure in a pipe. The writers do not onsider that this 
material i is pertinent to the discussion of the paper or that any point i is 7 
by p plotting the results of an ordinary v water-hammer ‘computation in in Fig. 14. 
However, they will refer to this derivation again in discussing a criticism of 


- 10*The Occurrence and Elimination of Surge or Oscillating Pressures in ore Lines from Re 
ciprocating Pumps,” by H. Diederichs and W.D. D. Pomeroy, Transactions, A. \. 8. M. saan Vol. 51, 1929, p. 9. 
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following sentences are contained in Mr. Fee’s discussion: 
©The writer feels certain that the analysis [leading to Eq. 6] is - 
- gound. The conclusion (see paragraph following Eq. 6) that ‘the velocity | 
of particles at the contact surface is one half the initial velocity of the slug 
of water’ is * * * based on an idea that is wholly unreal.* ** = 
“iq. 6, w vhich the authors intend as a proof of their proposition, is 
nothing more than an arbitrary statement that assumes, to begin with, | 
that the impinging particles, and those impinged upon, move during a 7 


finite interval of time with a common velocity v,, which is constant.” 


; Perhaps: the significance of the analysis’ leading to Eq. 6 could be made | clearer 
by) considering conditions s within a closed pipe, rather than those at the stag- 
nation point on the contact surface e where an irregular slug o of moving water _ 
meets a horizontal water surface as in the diagram at the left of Fig. 6. Mr. 

se Fee’ s derivation of the w ater-hammer formulas, previously referred to, aavumes 
a still body of water (in a eylinder or pipe) that is suddenly struck by a (rigid) 

Oe ned wurtace such as a piston, and leads to the maximum pressure rise given 
4 by Eq. Now ow, instead of this, a still body of water in a cylinder 
to suddenly by an elastic piston of water. Imagine 


ee 


| 
pe 


“was moving to be defined by a thin film or web, say tissue paper. If one applies 
himself to the solution of this new problem, he will recognize the fundamental 
nature of the requirement that in each of the two elastic bodies the front of a 
pressure wave must travel away from the tissue- -paper contact surface at the 
acoustic v elocity. Starting from this fact and proceeding by irresistibly 
logical steps, using Mr. Fee’s method or any other of the ordinary derivations 
of the ‘water-hammer formulas, one is led to the “necessary ¢ conclusion that 
(before reflected wa aves ‘Teturn) the tissue-paper contact surface must move 
7 with a velocity equal to half the original velocity of the water piston, exactly 
_as expressed in Eq. 6, and that the pressure rise must be exactly as expressed by 
_ Eq. 7. It is unnecessary to repeat the algebraic details of this proof, since the 
ease is precisely similar to that shown in Fig. 6 and explained in connection with = 7 
—— vertical lines AB being interpreted as representing | the walls of the pipe. - 
Mr Leman reveals the fact that high pressures can 1 be produced by the | 
a sudden checking of the velocity not only of a detached slug | of water, but a also 
“y of a a larg ger mass wh water or extending, continuously. to ) the si source, as in the more 


ith fully on this point, they chose a ‘slug: for 

7 of the fundamental principle of velocity concentration because the mathematical 7 
' analysis seemed simpler and because close observation of cavitation phenomena 
under /many different e ntal conditions seemed the 


water. 


and the admission of air in the stop-log slot They = 
ote the comment that “ Iti is not made clear in the paper how the air oe, 


the model tests can related quan ntitatively air that would be 
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required in Vv the prototype.” reply to. this comment, it may be 

stated that : the analysis of the experiments did not t attempt tc to establish such a 


qual titative relation. Since air ‘entrainment is is a function of bubble size, 
7 _ which in turn is primarily dependent « on surface tension, it follows that Froude’s: 

7 law is entirely inadequate to relate the percentages of air entrained in the 
_ respective waters of a model and its prototy pe. During the model tests on 


: the Madden conduits, the. quantity of air drawn into the vents was measured 


as a control for repeating experiments, but it 1 was not considered feasible to 


Telate t this air flow to that of the prototype. 


Mr. Merriam’s discussion contributes interesting information on the objec- 
tives and methods | for cavitation tests on me etal ins hydraulic machinery : as 


7 contrasted with | ‘the 1 Ww writers’ tests s on concrete surfaces i in the outlet conduits of - 


dams. _ The Ww riters s appreciate \ Mr. Merriam’ s clear statement of ™ fact that 

“In the case of | discharge conduits, which may be cnuntes at full. 

capacity but a relatively short period of time, the idea of the designer is to 

4 _ avoid all og al of cavitation, Ww hereas the builder of high-speed hydraulic 


cost of repairs. Consequently, he pooner strive for quantitative measure- 
ment * * *. The former is more interested in qualitative tests which 
give reasonable assurance that the design proving best in the sain is the — 
- Considerable ‘difficulty has been ‘experienced in making this ‘point clear to 
Various engineers visiting the laboratory - during the tests described i in the 


me 
paper, or in convincing ‘them that, in the case of cavitation tests on models of 
fixed concrete ‘structures, ‘it is a w aste of time and money to duplicate the | ; 


elaborate technique used by hydraulic machinery. cavitation for 
controlling the air and gas content of the water. 


Mr. Merriam states that his principal point of disagreement. the w 
zz in their not entertaining the theory advanced by Mr. Pagon"® in 1935. =| 


This theory is discussed by the w riters with some detail in their original full- 
which is on n file in the Engineering Societies Library: 


the writers to omit the of in their 
3 opinion, its tube-collapse feature did not seem to offer an adequate or complete 
explanation of the principal experimental facts in the type of cavitation under — 
consideration. n. Granting the importance of curvilinear or eddying flow as 
of low pressure for ¢ opening up vapor voids, the writers ‘nevertheles 
believe that in the types | of cavitation under discussion the most important 
cause of the sudden collapse of. vapor voids is simply the impact of swiftly 
moving water containing such voids s against less swiftly moving water or solid 


as objects, and that such collapse will occur whether or not the water is eddying. 


ae 18**Cavitation and Erosion Investigated as a Problem in Fluid Mechanics,” by W. Watters Pagon 
- {unpublished papers, A. S. M. E., 1935). _ On file for reference in Engineering Societies ‘Library, 29 Ww est 


329 West 39th Street, New York, N. > a 


— 
A 
in 
— 
— 
— 
| 
— 
— 4 
— 
— 
— 
a= 
— 
— 
— 
— 


B An important light i is thrown on th this topic by the ancleay (mentioned by Mr. 7 7 

- Merriam) between the downstream region of a cavitation pocket where such — 
impacts are most active and the turbulent region in an ordinary hydraulic jump. a 
Moreover, Professor Edgerton’ s motion pictures® of cavitation convey no sug- = 


gestion. of the existence of tubular. eddy-voids. 


a In ‘support | of the eddy-tube- collapse theory, Mr. Merriam mentions that 


“* * * there is the observation that in two-dimensional, venturi- 


shaped passages the damage comes where the axes of the eddies would © 


oO 


7 terminate against the side walls rather than on the profiles, which would be 
™ _ more likely to receive the onslaught of slugs of water.” _ 

if As mentioned i in the paper, in introducing Fig. 12, a similar phenomenon was 
= observed i in the tests on models of the Madden conduits, the side-wall pitting 


a x * * the pit first develops along the edge of the large cavitation 


being shown, and its cause explained by the words 


c 7 pocket, where especially intense impacts are caused by collisions between 
d . | the swiftly moving water of the streamline filaments and the broken masses 
Ww hurled against these filaments from the interior of 
_ The writers believe that this explanation of side-wall pitting conforms with the _ 
accurately th at based on t the eddy-tube- -collapse 
The writers appreciate Professor Rouse’ commendation of the paper 7 
a wl: However, they disagree with the reasoning by which he attempts to _ 
le disprove | the analytical and experimental evidence that the essential cause of 
a cavitation damage is the production of very high pressures by the collapse of 
, vapor voids. It does not seem probable that Professor Rouse means to deny 
a the possibility that high local. pressures occur, since his discussion contains — 
-_ the sentence: “Indeed, one need only | hear the violent shocks which are pro- 
a : duced by discharging steam under w ater to concede the issue that the collapse 
‘of such vapor pockets might well lead to exceedingly high local stresses.” 
| seems more likely that he merely intends to take issue with the writers regarding — 7 
¥ the actual numerical values of the maximum pressures. It is to be noted that ¥ 


. the writers have not established : any ‘such numerical values, but have — 
a carried the computation of Table 3 to the maximum value permitted by the 
best available compression tests, those of Bridgeman.’ * 


Professor Rouse bases his criticiem of the writers’ ’ analytical | work on the © aa 


“artificial * adie “nature of the assumption of constant kinetic | energy in the 
tures: under consideration, the preponderance of evidence indicates 


q specimen. water,” presumably referring to the neglect of the items of 
Viscosity, vapor. pressure, and rotational energy. However, the writers be- 
_ lieve » that i in the types of cavitation encountered i in the large stationary struc- 
that these n neglected items are e of secondary ene in comparison with the 


“The Thermodynamic of Water,” by P. Ww. Proceedings, Am. 
and Scie Vol. 48, 1912, pp. 307-362, 
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‘required in venting the prototype. Ee In reply to this comment, it may be | 
stated that the analysis of the experiments d) did not attempt to establish such a 
quantitative ‘relation. — Since air entrainment is a function of bubble : size, 4 
which i in turn is primarily dependent on surface tension, it follows that Froude’: Ss 

law is. entirely inadequate to relate the percentages of air en entrained in the 
respective waters of a model and its prototype. - During the | model tests or on 


the Madden conduits, the quantity of air drawn into the vents was measured 
as a control for repeating experiments, but it was not considered feasible | to. 


rel relate this air flow to that of the prototype. 


Merriam’s discussion contributes interesting information on the objec- 

_ tives and methods for cavitation tests on metal in hydraulic machinery a | 


‘contrasted with the w riters’ tests on. concrete surfaces in the outlet conduits | of 
dams. Ww riters Mr. Merriam’ 's clear statement of the fact that 


Tn ‘the case of discharge ge conduits, which may be at ‘full 
 —- but a relatively short period of ‘time, the idea of the designer is to. 
avoid all danger of cavitation, whereas the builder of high-speed hydraulic | 
machinery is seeking the economic balance between operating revenue and — 
cost of repairs. > Consequently, he must strive for quantitative measure- 
ment ' * * *, The former is more interested in qualitative tests which 
aa give reasonable assurance that the design prov ing best in the model i is the 
most suitable for the prototype.” 
Considerable difficulty has been experienced in making this point clear to 
various engineer visiting the laboratory during the tests described in the 
paper, or in convincing them that, in the case of cavitation tests on models of 
“ _ fixed concrete structures, it is a w aste of time and money to duplicate the 


elaborate used hydraulic. cavitation laboratories for | 


in ‘their not the theory Mr. in | 
— This theory i is discussed by the w riters with some detail i in their original full- 

- length manuscript, which is on file in the Engineering Societies Library.’ Ja 
x essence, Mr. _ Pagon emphasizes the importance of | the low-pressure region at 
3 the center of an eddy asa primary source of a “vapor void,” and attributes a 

sudden collapse of the tubular vapor void along the eddy axis to dynamic 

‘instability of the « eddying motion. In condensing the paper for publication, 
the writers decided to omit the discussion of this s theory because, in | their 

‘opinion, its tube-collapse feature did not seem to offer an adequate or complete _ 
explanation of the principal experimental facts in the type of cavitation under 

consideration. My Granting the importance of curvilinear or eddying flow as a 

source low pressure for op up vapor the writers | nevertheless 


moving wads voids ‘against | less swiftly moving water or solid 
oa ial and that such collapse’ will occur whether or not the water is eddying. 


18 Cavitation and Erosion as a Problem in Fluid Mechanics,” by W. Watters Pagon 
(unpublished papers, A. S. M. E., 193 ce file for reference i in Engineering Societies Library, 29 West 
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An important | light i is thrown on this 3 topic by the 2 analogy er wm Mr. 
Merriam) between the downstream 1 region of a cavitation pocket ‘where such 


impacts are most active and the turbulent region in an ordinary hydraulic jump. — 
Professor Edgerton’s motion pictures® of cavitation convey no sug- 


gestion of the existence of tubular eddy-voids. 


In support of the eddy-tube-collapse theory, Mr. Merriam mentions that 


“* * * there is the observation that in two-dimensional, venturi- 
shaped > passages the damage comes where the axes of the eddies would 
terminate against the side walls rather than on the profiles, which would be. 
more likely to receive the of of water.” 


z observed in the tests on models of the Madden conduits, the side-wall pitting 
being shown, and its cause explained by the words 


* * the pit first develops along the of the cavitation 
pocket, where especially intense impacts are caused by collisions between 
the swiftly moving water of the streamline filaments and the broken masses 
of water and vapor hurled against these filaments from the interior of 


the pocket.’ 2 
The w writers believe that this explanation of side-wall pitting conforms with the 


physical facts more accurately than that based on the eddy-tube-collapse © 


The writers appreciate Professor Rouse’s commendation of the paper in 


a general. However, they disagree with the reasoning by which he attempts to 
anew the analytical and experimental evidence that the essential cause of 
cavitation damage 1 is the production of very high pressures by the collapse of 
apo vapor voids. _ It does not seem _ probable that Professor Rouse means to deny 
‘the possibility that high local pressures occur, since his discussion contains 


the sentence: “Indeed, one need only hear the violent | shocks which are pro- 


‘of such vapor yr pockets might well lead to exceedingly high 1 local stresses.” It 7 
seems more likely that he merely mune to take issue w ith the writers it . 


‘nied the computation of Table 3 to maximum value by by the 
best available compression tests, those of Bridgeman.’ 
Professor Rouse bases his criticism of 1 the writers’ analytical y work on the 


“artificial * nature of | the assumption of ‘constant kinetic en energy in the 


main pret of kinetic energy. The writers’ analysis i is ‘not intended to establish 


7 6 “Applied Fluid Mechanics,”’ by M. P. O’Brien and G. H. Hickox, Members, Am. Soe. C. E., p. 34. 


™ The Thermodynamic Properties of Water,” by P. W. Bridgeman, Proceedings, Am. itis of 
ar and | Sciences, Vol. 48, 1912, PP. 507-008. 
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_ precise values of maximum | pressure, e, but merely to furnish a L qualitative con- 
ception of the fundamental cause of pressure concentration. They feel that 


the of kinetic energy is for this purpose, and 


channel is less ss elegant than that of a ‘momentary bubble 


— 


a * water vapor within an initially stagnant, , incompressible liquid of arbitrary »2 
volume. The writers feel that, although the latter would be a reasonable a3 
assumption to illustrate the shock caused by discharging : a steam bubble | under t 


e here ‘the kinetic energy of of the flying masses of water is very I: large 


in comparison with their potential energ gy y of position. with respect to the. ia 


This point may be explained in more as follows: The kinetic ene 
developed by the collapse of a vacuum bubble in initially stationary w water 


under atmospheric pressure is equal | to the volume of the bubble times the 
pressure, the latter “corresponding to a water column. about 34 


hi 


water of height equal to the velocity head. In the case. of flow in an n outlet 
conduit of a dam 350 ft high, the | latter column might be about: 340 ft high. 
Professor Edgerton’ moving pictures ‘of cavitation in a diverging tube show 


succession of va vapor ‘bubbles ‘separated by moving slugs of) water: having 
proximately the same ‘size 2 as the bubbles. ‘Thus, onvitation of this kind 


prosnoci in the conduits ofa dam. 350 ft high, the initial velocity of the moving 
provide about ten times kinetic energy for destructive 

cavitation effects as would be provided by the release of potential eel y during 
collapse of the voids from initially static conditions. 


Professor Rouse mentions that “high-speed motion pictures by “Mueller 


of the collapse of 7 vapor or bubbles produced in 1 cavitation would indicate that the | 
bubbles tend to flatten on the downstream side rather than to dwindle « -concen- 7 . 


mr 


3 _ trically,” and that “Conclusions of this nature would tend 1 to invalidate much 
of the authors’ basic” c¢ hypothesis, as | do piezoelectric measurements by J. 


_ Ackeret?® of only moderately high instantaneous stresses in zones of cavitation.” 
The writers h have already pointed out that Professor aie s conception of : 


y 
cavitation shock . as arising from ‘the collapse of spherical vapor bubbles i in a 


static liquid i is not applicable to the types of cavitation under consideration. . 
The flattening of the vapor cavities is also. observed oa Professor Edgerton’s 
6 
photographs.’ This flattening strongly disproves the spherical-bubble-« col 
lapse theory and confirms the writers’ thesis that the collapse of a void under ; 


_ typical cavitation conditions occurs when the void is caught and compressed 
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between swiftly moving water on its upstream side or less 
swiftly moving water or solid material on its downstream side. a 
ith regard to J. Ackeret’s” piezometric measurements of pressures 
cavitation zones, attention may be called to the utter lack of success of elab- 

‘orate e attempts by « other e experimenters to attain direct measurements of cavita- 
tion pressures. This point is mentioned by Mr. ‘Merriam, who states that it 
should be emphasized that the multiplication of impact heads: to tremendously 
high: concentrations of stress over an exceedingly limited area, and that this is 

well illustrated by the experiments cited in the paper by J. C. Hunsaker,’ — 

in which ordinary methods of measuring high pressures such as are used in 

E internal combustion engines, gun barrels, etc. , failed completely as criteria of 


cavitation s severity. Mr. Merriam also states that the use of thin diaphragms, 
backed up by perforated plates, ‘proved i in vain because they were punctured — 
merely by accidental hits rather than by a a widespread blow. ‘The impos- — 
sibility of obtaining consistent piezometric measurements in, or closely ad- 
— jacent to, cavitation pockets was amply verified during the writers’ experiments, 


a on models of the outlet conduits of the Madden Dam and other dams. oes 


wave Ww riters do not disagree with Professor Rouse’s point that a positive 


ive must invariably be followed by a negative wave of equal magnitude, and | ms 
that fatigue due to the resulting repeated stress reversal is of importance in 


causing the ultimate failure of the material. _ This fact, together with the fact 
that the negative pressure is especially important in destroying concrete - 


cause the latter is much w eaker i in tension than in compression, is implied in a a 
pe aragraph of the paper preceding ‘‘Description of Apparatus for Cavitation 


Tests.” Mor eover, the writers feel that their main thesis is not jeopardized 
Professor Rouse’s prediction that the “theory of fatigue through 


tests are not available, a knowledge of the 
great, pressure intensity required to produce : a perceptible permanent irl 
tion under the Brinnell ball or Rockwell diamond in hardness. tests, and from a 
knowledge of the relationship of the stress-reversal | fatigue li limit to the ordinary 
elastic limit in tensile or cross- -bending tests, it does r not seem at all unlikely that 
- the indentation fatigue limit in the harder metals known to be attacked by 
: cavitation may be at least « of the order of the highest values of Table 3 . If 
Pr ofessor Rouse’s words “no not-too- -great magnitude” refer to stresses of an an order’ s 


ably lower than this, the writers would take issue with him. In this” 
yf - ection the writers are not referring to soft or mild metals of the ordinary 7 
. 2 ‘structural grade, but to harder materials having an elastic limit of the order « of 
. oF several times that of ordinary structural steel. Since no upper li limit has been 7 
| 

found to the hardness of metals Pitted i in accelerated cavitation tests, and in 


of the intense forces required to ) produce a any type ‘of permanent displace- 
ie ment among the molecules of the hard metals by e either single loading, Tepeated ' 
loading, o or successively reversed loading, it seems impossible to escape the * 


conclusion that. extremely high pressures on at least pin-point areas: can 


“Cav. itation 


by J.C. Vel. 57, 1935, PP. 311-216. > 
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produced by the a action of w Ww ater under cavitation conditions. Further con- 
siderations bearing on this topic will be mentioned in the writers’ repl 


‘The writers are are pleased that ‘Mr. Hickox agrees with their ir findings and 
; conclusions in so many res ects, a ; siderable number of these conclusions 
7 _ being restated in his discussion. What seems to be an essential disagreement 


between } Mr. - Hickox and the writers is stated as follows i in his derivation of 


might be assumed from the authors’ remarks following Eq. . 8c 


that operation of a model in accordance with Froude’s law requires that | 


ae ratio of absolute pressures in model and pr ototype be be equal to the 


model ‘scale. is not correct.’ 
‘The source of this disagreement. apparently results from a difference in the 
definition | used to o extend Froude’ S law to cover phenomena affected | by | pres- 
sures due to other sources than the action of gravity. . In the sentences pre- 
ceding and following Eq. 8c the writers have defined Beonds's s law as stating 
essentially that the ratios of all heads including vapor pressure heads in the 
‘model and prototype must vary as the square of the ratio of the velocities in 
_ model and prototype, w hereas the definition used by Mr. Hickox omits the 
words “including vapor pressure heads. The actual physical facts, inde- 
of this definition, are expressed correctly by the writers’ equations. 
The same remarks apply to Mr. Hickox’ s comments on Eq. 13, the oe 
- difference of 0} opinion lying merely i in the definition used for Froude’s law. The 
discrepancy that Mr. Hickox thinks would occur between the physical results _ 
of tests based on Eqs. 12 and 13 does not ac actually exist, both of a 
being derived from Eqs. 9c and 11 by simple algebraic transposition. * 
‘It might it be argued that the best method of extending t the definition 
Prowde’ s law to cover phenomena not investigated by Froude himself is a 
matter of personal opinion. _ However, the writers feel that their extension 0 of 


this definition has important advantages from the standpoints of logic and 


- Mr. ‘Hickox is not quite in agreement with the writers’ description of a 
pocket “ as a void space filled with flying slugs of water,’ but 
it rather as ‘‘a region in which cavities form, travel with the stream, and finally — 
collapse.’ The latter: description i is especially applicable to the cavitation 
ae phenomenon that occurs in a ad diverging tube, as illustrated by Pro- 
_ However, the former | description is better 
fitted to the cavitation occurring behind sharp corners or ‘Projections. 
- - though the writers feel some sympathy toward Mr. Hickox’s statement of the 
reasons why he dislikes the use of the term “cavitation pocket,” they feel con- 
strained to use this term until a better one is “Cavitation area” 
is objectionable for the designation of a volumetric space, and “cavitation — 
region” is more properly applied to the entire region in which the phenomenon ~ 


is occurring, not only ‘the space actually traversed or by 
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the fourth following Eq. 29 Hickox: states that “It is 
do 
flow: pattern approximate that of the 
semblance of agreement with Froude’ slaw.” Thew disagree 
with this statement. Works on hydrodynamics contain nt numerous: illustrations 
of streamline patterns | that ai are fixed by the physical boundary conditions and 
are independent of the velocity, , that of the ordinary jet from a sharp-edged 
orifice being | a familiar example. In the same paragraph, Mr. Hickox calls 
iq attention to the fact that the writers have used a numerical example in which 
the velocity scale is exactly equal to the square root of the head scale, and states 
that “One is led to believe that * * * 1 hardly be 
fortuitous.” Since the enclosed app 
~ accommodation of models of scale conforming to the foregoing relationship, 
ae was often found ‘convenient to assume ‘a pump discharge that would fit this 
relation exactly. . This had the advantage 0 of making the velocity scale | come 
out in even figures. The | discharge used in this particular exa example was as- _ 
sumed in this way. — How ever, other arbitrary pump settings could have been 
used as well (and were actually used in many tests) w ithout distorting the flow ow 7 
‘pattern. In operating the -diverging- tube apparatus, great deviations 
the Froude’s law setting were used ‘normally, since a velocity scale fe far in excess” 


of the square root of the linear model scale was ; required to produce the neces- 
sary pressure reduction i in the critical cavitation regions. ee ae 


the third from the paragraph of his Mr. 


not 0 occur in ay prototype. _ The: w riters would like to emphasize that Mr. 


Hickox i is mistaken on this: point. misunderstanding of their equations 


rises again from the lack of an accepted generaliza- 
tion of Froude’s law, applicable i in cases where pressure . heads other than those 
due to gravity : are involved. 7 Consider a model of the conduit entrance of a 
on w hich the head i is variable, and si suppose this t to be operated without 
‘sravitational or r operational distortion and in accordance with the writers’ a 


equations. At i low head, there will be no cavitation i in the model or prototype. 


4 At a certain head, i incipience of cavitation w ill appear at s some point in the 
_ prototype, and the ‘writers’ equations provide that the adjustment of pressures zy 
. and velocity i in the ‘model will cause incipient cavitation to appear in the model 


at exactly the head ‘corresponding to this prototype | head and at exactly the 


corresponding point. 3 _At higher heads, stronger cavitation will appear in both — 
model and Prototype at this point and other pockets may possibly open up. 
: ‘There i is no possibility for cavitation to ‘occur in the model where it does not 
“appear in the prototype, or vice versa. Sa. The analy tical ‘reasoning establishing 
the correctness of the foregoing statement is give en in the paper in such detail 
_ that it seems unnecessary to repeat it. . The sentence on — Mr. Hickox’s 


argument is is stated in the following words | by him 


aioe “Tf the: model is adjusted to operate in conformity with Fr — Ss 
law [as defined by Mr. Hickox this does: not require vapor head 
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scale to be siniastianeds to the square root of the velocity scale], and the 
an igs: absolute pressures in reservoir and conduit barrel are adjusted to conform 


to the linear scale ratio, = model may indicate cavitation that would not 

statement is perfectly ture, but the fallacy of the argument lies in 1 


- “fact that the words quoted do not state the same thing as the writers’ equations. 
ade AS stated in the paper, if the model is operated with gravitational or yr opera- 
tional distortion, the gage settings to produce i incipience of cavitation in the 
“model at exactly the (no, comparative head and at the same point at which 
it occurs in the prototype cannot be made to apply to the entire fluid system | 
— of the model, but a separate setting must be used to test each point at wl hich it 
desired ‘to know whether cavitation would occur in the prototype. For 
etry Mr. Hickox states that he “w ould like to know how the methods of the 
= _ paper were applied to a rotated ver rtical diametrical section of the entrance a | 
a _ the Hiwassee sluice, for example, which was found to be entirely free from 
a cavitation. .’ The Hiwassee cavitation tests are described in the original 
% A manuscript, on file i in the Engineering Societies Library. ie Since the entrance 
hele of this circular conduit is nearly : a surface of revolution, the first and most 
likely point to to be tested f for possible cavitation was at the conduit roof just: 
: inside the entrance, where the general pressure was lower than at the floor, — 
because of shallower submergence, and where the velocity. was as high as $s any- 7 
where else. _ The gage settings were made according to the equations of the 
- a _ paper and the model showed no. cavitation at this point, thus proving that 
there would be no cavitation at the corresponding point in the 
Other suspected points, near the rails carrying the closure bulkhead, ete., were 
in a similar manner, but 1 no cavitation was found. By. exaggerat- 
ing the | general cavitation-severity , condition in the model, it was easily proved 
that no doubtful points: had been overlooked. 
‘The w riters appreciate te the constructive criticisms by Mr. -Mous on 
‘par ticular they are glad to accept his word of caution regarding the importance | 
of the opening up of fatigue cracks as a feature in the mechanism of cavitation 
damage to to metals. . As they have stated in the paragraph preceding Eq. 5, 
the writers ‘realize that ‘ “The law governing the * process: | of pressure 
undoubtedly changes ¥ when the crevices so small as as 


pressures in such crevices. to be totally and Mr. 
_ Mousson is able to cite practical cases, where cavitation damage to turbine 


— was: ‘not: increased by the | presence of hair cracks, and laboratory = 
where subsurface disintegr ation occurred without surface cracking, the writers 


are quite willing to hold in abeyance further speculations regarding cavitation 
ct 


action in fine cracks; 


Mr. Mousson joins with Professor Rouse in questioning the probable oc- 


‘currence of ‘pressures approaching 0 or exceeding the higher values of Table 3, 
and in believing that cavitation damage to metals | can be explained satis- 
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-factorily as a fatigue phenomenon due to stresses comparable to the lower 
v alues of th the table be Because of the failure of the most painstaking experiments _ 7 
to give a any ‘inkling of true : cavitation pr pressures, , this entire topic lies in the realm | _ 
of speculation. However, writers believe that the preponderance of. 


evidence points to the conclusion that the harder metals cannot be destroyed | 
in the absence of local y pressures of at least the order of magnitude of the higher 
values in Table 3. . AY striking illustration of th the e high intensity of pressure that 
can be sustained on a local area of a plane surface of a hard metal without — 
pre oducing a permanent deformation is found in the classic series of tests of the — 
bearing of locomotive wheels on steel r ails, » reported by the late C. L. Cran- - 
‘dall,** M. Am. Soe. C. E. and in the discussion | by the late J. B. Johnson,** 
-M. Am. Soc. C. E . Intl hone tests pressures ot 164, 000 lb per sal in. produced no 
After reading Mr. s discussion, one of the w riters some ex- 
with the ‘Brinnell-ball apparatus to check the pressure intensity 
or equired to produce a perceptible permanent indentation in the surface of a 
hard metal. ies The first steel specimen selected at random for this test had a 
-Brinnell hardness number of 524, which i is about “‘file hard. sal ‘Under a load of 
500 kg on the Brinnell ball, a slight but definitely perceptible. indentation 1.1 7 
mm in diameter was produced on the surface of this specimen. A little arith-— 
metic shows the average pressure on the contact area to have been just less_ 
than 750,000 lb per sq in. It is probable that the ‘maximum pressure intensity 
at the center of the indentation was materially greater. A similar test. was 
Tun on a ‘Piece of of metal from an ordinary structural steel angle, the Brinnell — 
hardness number of this steel being 90.4, and a perceptible eduntetinn ¢ of 1.40. 
mm in diameter being produced by a beni of 150 kg on the Brinnell ball. . The 
mean pressure under the latter loading thus was: about 139, 000, lb per sq in., ‘ 


whereas the at the center the indentation was probably histor. 


of on surfaces of hed it be e ex- 


= Table 3. Although: no cavitation tests been on the | particular. 
pieces | of steel mentioned, , experience y with such tests indicates definitely that 
ex reme hardness or toughness of the n metal i is ‘no 10 barrier to ultimate pitting and 


‘disintegration under severe cavitation | conditions. 


Analogy with various ty pes of fatigue tests makes it highly probable. that 
7 the fi fatigue limit or repeated pressure intensity required to produce a perme a- 
7 nent disinteg ration of the metal would be at least a larg ge fraction of the’ pressure 


the set. numerous short- time cavitation 


im and where the first evidences of are a scattered tiny pits or 

prick- -punch indentations due to individual blows. Because of the minuteness 

C. L. Crandall and A. Marston, Transactions, Am. Soc. C. E., 
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cattered nature of the individual pits or areas sin y which the extreme 


and the 8 
2s act, the writers do ‘not concur with Mr. Mousson’ s argument = 


pressure s do 
pressure “values in the upper part of the range [of Table 3] are not likely to 
occur since damage w would be so severe in a matter of minutes as to endanger : 
“any structure within the same time interval.” 
metals i in cavitation has been to al the 
‘most important variables with respect to pitting. 4 ~The writers do not recog- 
nize the soundness of this argument, since the rate of pitting would obviously 


- increase with the e energy content of the individual blows and their frequency, 


writers’ ana work in 1 to 7 and in 3 was not intended as a 


in but was intended mer ely to explain ¢ or illustrate one 
of the most salient features of this mechanism— vard 
7 energy concentration at the final point of a wed collapse. It should 1 by no 
- means be thought that the writers regard the neglected items of 1 viscosity, 7 , vapor 
7 a pressure, and rotational i energy as So unimportant that the maximum intensity 
of pressure developed l by a vapor pocket collapse 1 is entirely independent of the 
total quantity ofe energy in the moving water that is brought to rest. 7 
‘The discussion by Mr. Douma calls attention to the desirability of estab- 
_ lishing methods or criteria, based ‘on free- -jet profiles s, for designing conduit 
entrances that will be free from cavitation. a The writers are much interested _ 
in Mr. Douma’s ideas on this topic, since they have done considerable analytical 


and experimental work along somew hat. similar ] lines (described i in some detail a 
in the original ‘manuscript on file in the. ‘Engineering Societies Library ‘ The 


— space requirements for oe made it necessary to eliminate some- 


with Mr. Douma on the principle that of a 
from a sharp- edged orifice has the ideal shape for a cavitation-free entrance 
bell, and ‘that ¢ entrance bells having solid. parts pr rojecting inside the location 


; of this n nappe ye surface are especially liable to cavitation, — ‘However, ‘it. may | be 
that it is not feasible to use henge in an 


the conduit proper, and therefore considerably above atmospheric pressure 
if the conduit is level or nearly so) , whereas the p1 e head required to 

= cavitation is about 33 ft below atmospheric pressure. This fact may be 4 


pressure on all surfaces of the bell is equal to that j in the end 


utilized to achieve economy in the design of entrance bells for conduits under 


or comparatively low head. In the original | manuscript, a table of ¢ coordinates 
a for the — of an ideal entrance bell is given, based on G. Kirchoff’s 
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Corrections: for Transactions: In November, 1940, Proceedings, 1625, 
line 12, change 155.3 ft to 168.3 ft; and in April, 1941, , Proceedings, on 1 page 659, 7 


delete tha paragraph beginning with line 20. 


37 “Hydrodynamics,” b by H. Lamb, ‘Cambridge University Press, 6th Ed. 1932. 
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HYDRAULICS OF SPRINKLING SYST 
IRRIGATION 


AM. Soc. C cn 


DISCUSSIONS 
E. CHRISTIANSEN, 24 Assoc. Am. Soc. C. E. (by letter). s 


shown in this paper is appreciated sincerely. Professor Pillsbury has con- tho 

tributed greatly to the subject, especially with | r respect to undertree’ sprinkler = par 

_ systems for or chards. Although the writer fully agrees with Professor Pills-. Alt 

e | bury’s s statements in regard to the conditions under which sprinkling i is useful > frie 

he also believes that sprinkling will be satisfactory y on most crops, and under cau 

most. conditions, provided sufficient water is applied, _at the proper rates. ver 

Exceptions are found ir in crops adversely a affected by fungi or bacterial dis ases; ; 

y line 

sprinkling n may ager ravate such trouble or make control more difficult. _ Grapes, 

a typical example, are not sprinkled because of mildew. Sprinkling i is simply pre 

method of irrigation in w vhich the operator has good control over the w ater 

ad 


* he applies the water at such a rate that the soil can absorb it, he can apply wo 
as little or as much as he w vishes and can secure any depth of penetration desired. 7 : bin 


The primary limitation is one of economics—that is, the cost of sprinkling = 

- as compared with other methods of irrigation. In general, sprinkling costs e001 
“more; and unless the results, a as measured by nee returns, are better, it. + sid 

cannot be considered economical. Since only 1% or 2% of the total on 
area in C California i is sprinkled, evidently most farmers are either satisfied w ‘ith “up 
their present n methods, or do not believe that increased ‘returns will ec compensate } is | 
 forhigher costs. 
- ne Mr. Bither lists many advantages of sprinkling. An increased return re =| pr 

: ~ sulting from one 0 or another of these advantages will sometimes 1 more than offset _ 
“4 higher costs, but not always. 7 One crop grown extensively in California that pe 
_thriv es under ‘sprinkling is is Ladino clover. Being shallow rooted, it 
ar rather r frequent irrigation—that is, every week or 10 days for ony results. fri 
“Most of it is grown on rather poor, shallow, undulating soil, where extensive 4 - 

-_ __ Notrs.—This paper by J. E. Christiansen, Assoc. M. Am. Soc. C. E., was published in January, 1941, : to 


a Proceedings. Discussion on this paper has appeared in Proceedings, as follows: April, 1941, by Arthur F. seg 
Pillsbury, Assoc. M. Am. Soc. Cc. E.; ; and d June, 1941, by Messrs. Tom A. Bither, , Ralph Ww. Powell, and ae 
Harry F. Blaney, 


= Asst. Irrig. Engr. be , College of Anite, ‘Univ. of California, Davi is, Calif. 
Receiv ed by the Secretary October 10, ‘1941. 
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KLING SYSTEMS FOR IR IRRIGATION 


“leveling is is Iti is generally 1 irrig gated | by the border- “strip flooding 


method, and considerable water is W acted. ‘Nevertheless, thousands of acres” 


of clover are grown profitably, mainly for fattening lambs, where the gross 


iret eturn averages about | $25 per acre. _ This total gross return, however, , would 


searcely y pay the cost of applying wa ‘ater with sprinklers; and SO, so, although the - 
oduction might be apprecia ably would apparently not 


are covered i in another report. 
“been replaced by later 1 ‘models. “However, ‘many tests on types n now wv generally 
used indicate that the ur uniformity of application usually is no better than that 
produced by the pattern | shown in ‘Fi ig. 3. Furthermore, the new ‘sprinklers 
“are > similarly affected by wind and to some extent by low pressure. They do 
“rotate at a fairly steady, uniform rate and cannot be thrown out of adjustment 
80 that they rotate rapidly. The uniformity of ee A water by 
- sprinklers i is the subject of a paper published early in 19412 tes 2 
~The logarithmic diagram (Fig. 11) for determining pressure losses in port- 
able sprinkler lines i is based upon coefficients slightly 1 more conservative than 
those obtained from the field tests on on sprinkler pipe. : This diagram was | pre- - 
pared as a guide for designing sprinkler lines with all types of couplings. 7 
- Although tests. on several makes of f lines indicate rather small differences i in 
friction factors, , some allowance was made for deterioration in carrying capacity 
caused _by increasing roughness of the pipe with age. This allowance was 
very y small as compared with ‘standard engineering practices in designing pipe | > 
lines. The assumption that all sprinklers: discharge equal quantities of hol 
a: not result i in higher | losses » pr ‘ovided proper friction factors a are | used and 
provided the total friction ine is not excessive e. The writer - recognizes the | 
adv antage of tables for the purpose mentioned. . In this paper, however, tables 
would be i impr acticable because of the space required to cover the many com- 
_ binations of pipe and sp sprinkler | sizes in use. ; _ 
deriving Eq. 19 by the momentum treatment, Profes r Powell does not 
consider the ‘pressure ¢ differ ence on the upstream and down nstre eam sides of the the 
ie outlet n near the main pipe. Undoubtedly there is a zone of high p pressure — 
Pee nstream side of the outlet pipe, and a z zone of low pressure on the a 
upstream side. W hether or not the net downstream thrust on the outlet pipe 
is sufficient to harmonize Eqs. 5 and 19 is not known. As Professor Pow ell 
states in private correspondence with t the W riter, the effect of this “unequal 
pressure on the sides of the outlet pipe is to reduce the values of Bs § given _ 


Table 2. It is Surprising that such an intriguing in hydraulics 


= 


with: the effect of the pressure aaaeecen the friction loss in the pipe. 7 “The 
friction factor SL computed on the basis of pressure and elevation difference at 
two p points ona sprinkler line, with differences i in velocity neglected, was found 
to remain rather constant for large differences in Reynolds’ number. W hen | 


ie _ % “Irrigation by Sprinkling,” by J. E. Christiansen, College of Agriculture, Univ. of Califia, 
Berkeley, Calif. (bulletin in press), 


6 “The Uniformity of Application of Water by Systems,” by J. E. Christiansen, Agricultural 
_ Engineering, Am. Soc. of Agri. Engrs., Vol. 22, No. 3, March, 1941, pp. 89-92, ss 
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corrections were made for the pressure recovery at each the 
customary Telation | between f and & was obtained. In other words, the pres- 
sure recovery at a side outlet increases the exponent: of V ’ to approximately 2 2 
. in an empirical formula for flow of water in pipes, the magnitude of the effect 
depending upon the spacing | and number of outlets on the pipe. For this: 
- _—Teason the Weisbach formula, with constant value for f of each pipe size, was” 


as a basis for the friction: loss diagram. 


practice. “Portable of the types. now ‘common, however, are 
; new; and their use has greatly extended t the acreage irrigated by this method. 
As Mr. . Blaney : also states, , sprinkling does not always increase irrigation 
. efficiencies; many installations are very inefficient, , mainly because of poor 
; _ equipment, poor di design of the system, and i improper operation. In the writer’s 
opinion, however, it is possible to obtain higher irrigatio efficiencies: by 
| sprinkding than are generally possible by surface methods, although this is not 
and often 00 Farmers seldom | understand the hydraulics of sprinkler 


pave 
and often so some minor in or in methods of operation 
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DISCUSSION 


M. ODOM, AND ELLIOTT 


M. Ovom,! 4 ‘Assoc. M. Am. Soc. C. E. letter 42__Because of the 
tremendous expenditures that have been made on the improvement of the 
‘Missouri River, it is highly gratifying that the profession has received the — 
enefit of a discussion of the upon w general i improv vrement 

_ Improvement of the Missouri River for nay eens is certainly ya task o of 

ms agnificent proportions. The totals | are overwhelmingly immense and the 
design in _ practically all of its phases involves forces and actions of Nature, © 
the understanding of w hich (in spite of all the mathematical g gymnastics and 
dissertations that an intensely scientific age has produced on the 

subject) seems almost as remote a as it did when General Humphreys commenced 

his Topographical ‘and Hy drographical Survey in 1850. 

= arriving at a river control, 96 in most of the that 


The author sets forth the general plan of aaah that has been 


evolved and gives briefly the methods and procedure by which the general | 
plan is to be accomplished. 


: Tt was as decided at the beginning of the improvement that, although the 
river ‘meandered widely i in its was still ample to 


should be restricted, in so far as to confinement: of the 
low- -water flow to a well-defined channel, meanwhile revising the alinement so _ 


as to obviate direct attack and crossing bars. These considerations led the 
7 ae Nore.—This paper by William Whipple, Jr. , Assoc. M. Am. Soc. C. E. ., was published in March, 1941, 
Proceedings. Discussion on this ; oo has appeared in Proceedings, as follows: September, 1941, by Samuel Ns 
Shulits, Assoc. M.Am.Soc.C. 
4 Chf. Engr., Dept. of Public Works, State of Louisiana, Baton Rouge, La. 
741 
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_ MISSOURI RIVER SLOPE AND SEDIMENT — 
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— — (1) Cut and try; (2) judgment based on observation of similar problems; (3) _ — 

mathematical formulas; and (4) small-scale models. It seems to the writer | 
that all of the writing in the past few years has been about approaches (3) 
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Discussions 


Dini Haan to propose changing the alinement of the river to a 
continuous series of f sweeping curves. — _ The adoption of this proposal embarked 
the federal government on a project which, of its kind, is the largest that man 
has” ever attempted. _ The determination a the controlling radii and central 
- angles of the curves to be used was undoubtedly done in the broad laboratory 
. of Nature itself. All that remained was to fit i in these curves as economically 
as possible, and the general plan was complete. = The writer believes that the 
_ method of cut and try, combined with , judgment, was used practically ex exclu-_ 


_ The author presents a good summary | of the type of material borne by the 


‘stream, both as to bed load and suspended sediment. The writer cannot. 


-_ follow” his discussion of the mechanics of bed load and suspended load move- ft 
—_, ~The suspended loa load to be found in a cross section is dependent on ‘the a 
~ turbulence to a much greater extent than on the velocity, and, although the _ 
velocity may give a rough index of the turbulence, it does not do so necessarily. of 
Furthermore, the mov ement of the ‘major percentage of the detritus progresses: it 
dow nstream by “trading” and not as a continuous process. OW ith these two 
i facts in mind, the author’s discussion and conclusions in some cases seem vague. Bi 
detritus content any cross section w vould | not necessarily indicate that 
the total qu quantity ris progressing downstream since it is highly probable that a a bei 


# large part of such detritus i is in the process of transverse movement. 
" _ The e author’ S comparison of the results obtained by the improvement Ww Ww ith 
the answers obtained by formulas is interesting and enlightening. The writer 
= had never seen the first two formulas before and was, therefore, not disturbed 
to learn that they w ill, 1 not , work, . As to the Straub formula, it is rather a 


disappointment to learn that it will not work on the river from observations of 


which it was derived. 


The : author’s ‘statement that the Straub formula was designed for uniform i c 
¥ discharge only i is in disagreement with the derivation of the formula given in | V 
_ the “308” ’ report on the ‘Missouri River. It is stated therein that the slope : le 


is to remain ¢ constant; variation of depth and discharge is not sup-— 
posed to affect the accuracy of results. — It is not exactly clear what effect the 
stage of the river at which widths were measured could have on results given 4 
. by the formula as cited, since the formula is intended to give the quantity of. 


4 sediment transported per second along the stream bed in pounds per unit | 


‘Two glaring weaknesses that are apparent in most river work today ar — 
‘revealed by this. paper. — One is the fact that the location and number of 

continuous observation. stations frequently are not suitable for design require 
ments. Another: is the practice of constructing improv vement 
works without an n adequate knowledge of what was occurring ir in the section of 
the | river prior to the improvements. ‘This pr. practice is indicated i in the | paper 

in that the author is forced to « compare the action in a 25-mile section of the 
_improved river with a different 10-mile stretch of unimproved river at a different — 
discharge. A comparison such as that is of doubtful value. The only logical | 
4 _ 15“Mineral Composition of Sands from Mississippi River Tributaries,” by R. Dana ] Russell and Leo . | 
Hough, Proceedings, Geological Soc. of America, 1937, p.109. 
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November, 19. 1941 LANE ON MISSOURI RIVER 


way to find W desired end 


ment. _ The adoption of a common-sense aoe of improvement such as was 

follow ed i in this case is good practice; but all theories, of whatever origin, bear AY 
careful checking i in the field. « only w ay that engineers can be absolutely 

sure that their improvement wail are accomplishing the desired results is to | 


> make a detailed “before and after” comparison, on the section of river ‘improved. 
las ‘The author has examined the value of the formula approach to design of © 


page 


river-control works s. It would be ° very enlightening to have a similar examina- 


tion of the value of small- scale models, since, eran they have been 


used in connection with the design of works on the Missouri River. 
E. W. Lane," M. Am. Soc. C.E (by letter). *¢—Considering th the magnitude 
of the Missouri River improvement project, very little has been written about — 
it, and hydraulic e engineers ' s will be very much indebted to the author for his 
inter resting exposition of th the 1e principles underlying it. 
probably constitutes the most enous. snalleniiai of the contraction of 
streams as a means of deepening them for improving their navigability, a pro- 
boos which i is one of the oldest i in the science of hye draulic engineering. A 
search, bya a hy draulic ‘engineer, ¢ of the ancient writings of Egypt, Mesopotamia, 
yould probably show earlier writings 
. ‘the earliest | known to the w riter is s by Chi- ‘Husn Pan i in ‘the latter part of the 
a sixteenth century. a Mr. Pan ar; argues at length i in favor of confining the Yellow 


River | between embankments and making it deepen i its channel by scouring: 


out its bed. 
Although knew many of the principles of river 
ontrol before 1 the Europeans, this knowledge has had no influence on the de- 
‘elo opment | of the ‘present- -day science. So far as is known, n, the earliest work 


Z eading to modern n knowledge was that of Guglielmini in the. latter part of the 
seventeenth ce century. _ He stated that the greater the quantity of water that a 


carries, the Tess. will be its fall, which statement was used as the basic 
principle of plans for contracting | rivers. rs. The subject | seems to have been na 
ms atter of frequent discussion in Europe’ before the latter p part of the eighteenth | 
At this time Frizi and M. -Gennete™ in favor | of 


Ww ould fall and cause less flooding. 

In the United States the } principles. involved were the subject of active ve dis- 
cussion in connection with tl the improvement of the Mississippi River nearly a 
¢ century ago. At that time it was: proposed to deepen the Mississippi River | 
for navigation and | flood control by prev overflow of the banks 


high-water time by means" of levees. This discus ‘sion developed into” one of | 


16 Prof., Hyar. Engr., State Cale. of Iowa, Iowa City, ieee. 
16a Received by the Secretary October 4, 1941. 
17 “Review of Rive er Protection,” 


18 ‘An Investigation of the anineuietiin of Bed Seat by Flowing Water,” by F. T. Mavis; thesis 
presented to the Univ. of Illinois, Urbana, Ill., in 1935, in partial ne of the requirements for the 


degree of Doctor of Philosophy (see p. 110). 
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m of the passes of f the ngpewnhary River by by the I late James B. Eads, F . Am. Soc. 

and the confinement principle of improvement. was as the basis 

the early work of the Mississippi River Commission. Although successfully 

applied to the improvement of the mouths of the river, it was not a success 

Ww hen : applied, as a means of flood control, to the entire river, and was ‘super- | 


porwr) only’ success in n one case and failure 


involved i in ‘the case of river, and the lack of a quantitative | 


to | a of quantities that \ would be moved 
and the time required, using data then available, that its application to the — 
. entire river would fail. _ The difference be between the e quantitative relations given 
is the paper and the : almost entire lack of discussion in quantitative terms dur- 
ing the | early Mississippi controversy show that appreciable progress has been 
made in the science, but the qualitative nature of the author’ 's conclusions — 
that. progress i is still ‘necessary before a | prediction can be 
“made of the time interval required to bring about the desired results. 
— Itis believed that the author would have clarified somew hat the picture of 
the results of the contraction works if he had ‘amplified the statement in n his 
Conclusions’ ’ that “In view of the great of river involved, no 
able. change i in mean slope can be ‘expected. the ‘ “Synopsis” one reads. the 
statement that the mean slope of the river will eventually decrease through ell 
‘operation of the contraction works and later quantitative relations are i 
tending to show that the » equilibrium + slope , would be reduced from 0.96 to 0. le 
ft per mile, a change of 21%, w hich is in agreement with the 0.69 ft per mile 
slope. observed i in an improved stretch. OW hen these statements are follow ed 
in the Conclusions’ no further "explanation, by the state- 
: ment that no appreciable change in mean slope can be expected, it seems prob- 
able that some readers of the e paper may be confused. If this is the case, per- 
the following discussion will aid in clearing up the tiie” what will 
probably ta take place. 
_ It appears to the writer that there are two more or less distinet effects lites _ | 
construction | of the contraction works: (1) The change of shape of the 
a wide shallow one to narrower deeper | (2) a 


>= The first of ill to place relatively rapidly, 


especially the major part of the total change, but the second will be active for { 
a much longer period, and equilibrium will not be reached for many years even 


4 om a practical standpoint, for theoretically equilibrium would never be 


To « carry the flow of the dees a width of 725 ft, which formerly flow ed 


a 650 raising the water surface, will require 


using the slope of 0. 96 ft per a in both cases. — The ‘difference in depth “ 
_ any given discharge that would give the same water ‘surface elevation f for these 
a two conditions is indicated by the vertical distance’ between the two lines. 
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ON “MISSOURI RIVER 


7 

f Thus, to obtain, at bankfull elevation, the same discharge in the contracted _ 
as in t the uncontracted channel (at which stage the unimproved stream dis- 
charged : about 80,000 cu ft per sec) would require a deepening of the bottom of 
about 16.5 — 6.3 = = 10.2 ft. _ U nder these conditions the area of the channel 
at bankfull level would be reduced from 1 23, 000 sq ft for the unimproved channel 


to 12 000 s sq ft for channel, a of 11,000 sq ft. The 


4 


% 20 — 80 100 120 £140 
Discharge, in Thousands of Cu Ft per Sec 

Fie > 


a of excavation would be 7: 25 X 10.2 2=7 400 sq ft and the area of fill 


are: 
2 (3, 650 — — 725) 6. 3= 18,400 sq ft. The space . that would be filled in with 
a - sediment under the “improved « conditions, if it fills to for rmer bank < levels, is 
- therefore 67% more. than the volume that it is necessary to excavate in the 
contracted section. Since the competence of the stream is much greater than | 
required to move the F argest bed particles, if the size of the bed material does — 
not increase substantially with depth, it is not unreasonable to ) expect that 
consider able of the deepening due to contraction will proceed rapidly, as the 
mi: iterial excavated at one point along the channel ¢ can be deposited outside the 7 
contracted section a short distance downstream. However, the river carries 
7 ‘great quantities: of material in suspension which will deposit i in, , and rapidly 
‘fill up, the parts of the old channel outside the new channel ne. e. AS this 
* filling takes place, the deepening of the contracted channel will slow up, and _ 
| oe the first part of the deepening will probably proceed quite rapidly 
it may be some e time before the final depth is reached. 


_ The deepening of the channel will result in a cutting down of the bottoms © 
= all tributary streams that are not restrained by rock ledges or deposits of 


coarse ‘material. 7 ~ After the adjustment of channel cross section is st substantially | 
at high water in Missouri River will differ 


of will to cut to low er levels, to the 
‘increased fall that will be caused 1 near their mouths as a result of the lowe ering 
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ON MISSOURI ‘RIVER 

of the bed in the main river. This action will bring into — main river an 
: additional load « of material that will have t to be deposited in the - unimproved — 
channel area if the improved channel is to continue to deepen. » This action 
will further slow u up the deepening of the bed of the improved channel. ‘There 
appears to be no way of making a close | estimate of the rate at which lowering” 


of the bed of the improved « channel can can be expected, except by t using the ex- 


perience in improved stretches as a guide. 
Mg 


_ The second phase of the effect of contraction, the gradual adjustment of 
the » river gradient to the new c conditions, will continue long after the adjustment 
=» the channel shape to the confined conditions is practically complete. s the | 
iver were to decrease its slope from 0. .96 ‘to 0.76 ft per mile, as indicated by the | 
_—_gomputationso of equilibrium slope, for the entire 760 miles of the length of the 
_ improvement, assuming that the elevation at the lower end remained the same, 7 
upper end would be lowered 152 Long before this. ‘occurred, , the river 
_ would have cut below the bottom of the piles of the contraction works, and, 
7 unless tl they were replaced, the river would tend to resume its unconfined | con- 
dition. ‘The w titer believes that what will happen i is that the river will tend 


— 


to flatten its _——, which will lower its — and i increase the inflow of sediment 


— from the lowering of the main ‘river bed above this point. The flattening of 
the: grade due to confinement will continue until the sediment inflow will 
crease and become equal | to the capacity | of the stream to transport 1 material i in a 
its confined condition, and when this condition i is reached no further decrease | 
in slope» will be obser It is the writer’s belief that this condition of sub-. 


‘stantial ‘equilibrium will oceur before much lowering of the stream | bed due 7 
changed slope has occurred, although it is probable that the lowering at the 
upper end will be sufficient to be easily detectable in the stage-discharge rela- 
tions at th that point. — Itis doubtful if the mean | slope of the river will be ranged 


‘more than 2% « or 3% for many years to come, », which : substantially : agrees with 
the author’s statement that the change will not be. appreciable. 
if this be true, Ww what then is the ‘ ‘equilibrium slope” computed by the 
- author? > T ‘This i is the slope : at which the confined river would id carry the same q 
load of material as the unconfined river carried at its natural slope. Soon | 
_ after the works are constructed, however, the load to be carried will be increased a 
and a slope greater t than the computed equilibrium sl slope will be > required. 
‘The author states that the Schoklitsch formula could not be used to ¢ com-— 
pute | the equilibrium slope, which is true for the form | given ‘in Eq. 2. An ex- 
7 amination of the paper, however, shows that this form was obtained by Schok- 
a litsch by t multiplying the > load | and discharge per ‘unit ; width by ‘the width, thus 


obtaining the equation in terms of the total load and total discharge. Ite can 
pany expressed as well in terms of the load and discharge per unit. width, which 
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G, and Qi 
charge per unit width, respectively. this equation with the ler 
 qogiven by Schoklitsch, it is possible to compute the author’s equilibrium slope 
by this formula, 
In discussing the formula developed by Professor ‘Straub, the author states 
“that the > quantity of sediment must be assumed to] be the same for the improved 
or unimproved channel. As pr eviously shown, the quantities of | sediment 
would not be the same in these two cases, and hence the formula will not give _ 
the slope that will actually be obtained in the 1 river; : it will give a flatter slope. 


The author also. states that characteristics must same in = 


"with as in the sis of given in Fig. 9, this condition 
also is not fullfilled, since coarser material would be encountered as the channel - 
scoured deeper, inid a steeper slope than computed v w vould result from this cause. 
‘There is considerable reason to question, howev er, whether accurate results - 

can be obtained in computing tl the of on 


River by considering 
this river is v ery large, as shown Fig. 9. comparison. of this 
sand load at Omaha and Yankton with the bed loads computed according to 
the Schoklitsch formula for a wide 1 range of discharges, as show n in Tables 3 


and 4, indicates that the bed load is or never as much as wi of the 


Missovn River, . AT Oana, 


allel. 


‘Size _Firreen-F oor Tw ENTY-FooT ‘Twenry-Frve- Foor 
"SAND TH Dere “Derr 


ed | pended Bed Bed | +| Bed ended|CoL“t 1 
penade => penadec OL. it pen + pende + 
load {load | Coi. 2} 104 |"joad | Col.2 | 1°84 |"joad | Col. 2 | load Proad | Col. 


29, «58,000 93,800 136,000. 
Observed? |1,552/39,000 | 4.0 39 |70,000 | 4.8 230,000 8,322 [425,000] 2. 
Gomputede| . . (25.350 | 84.5¢ {83,000 |118.5¢ | .... {197/000 [399,000] 93.8 
0.05 10.075] 33.3| 7.750 | 0.43 | ‘67.4 |25'350| 0. 76,100 |161,500) 
83.1 1:26 | 169.2 L 278 | 41/100 405 | 71,600) 
465 767 | 41,800 
35.700 


' 


a Approximate Rite. in cubic feet per second. 8 Comparison of computed total bed load to © 
_ observed total suspended load. ¢* Comparison of computed total suspended lo: load d (Col. 3) to observed total _ 


_ suspended 1 load of sand in the Missouri River. Of course, it is a much smaller 


part of the total load, but the sand par ticles settle rapidly and therefore have 


a-much larger effect on stream formation than the silt and clay sizes. The 
“suspended sand lo load no doubt consists, on the average, of finer material ‘then 
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| 4 
7 
— 
id 
| 
— 
| 
| 
~ BLE | D SUSPENDED SAND; 
= 
| 
| 
= = 
— 
iim 
— 
— 
9 
7 
0.25 |0.30 |306 67.5 | 678] 1,880] 36.0 | 1,145] 4; 23.3 | 1,699 | 10,650] 15.85 
0.30 |0.40 | 98.2| 40.0 |245 «188/121 | 390 M614 | '581| 1468! 39.60 
0.40 |0.60 | 38.4] 2.0]1,870 | 99 0| 2 | “175 20} 874 | 262] 962) 272 
0.80 |1. 2.2) | 21.6 0| co 33.7 
— 


: ; “bed loads for various size ran nges and the quantities carried in suspension of 
these same size ranges computed by the method developed by A. Kalinske,” 


TABLE 4.—CoMPARISON or Bep LoaD AND SusPENDED SAND 


Missouri AT YANKTON, N. Dax. 


——— ee (All Sediment Discharges Are in Thousands of Tons per Day) 


Five-Foor | E1cut-Foot Deptu | TWELVE- Foor 

Bed Sus- | (%) Bed Sus- | (%) Sus- (%) Bea | Sus- , 

pended/Col. 1 + load pended /Col. 1 + pended/Col. 1 + fond pended/Col. 1 + 

Col. 2 load | Col. 2 » load 2 load | Col. 


To 


Discharges 32,700 71,800 104, 000 141,000 
Observed? /2,310/28,000/ 8.3 {6,480 165,000 fp, 950]330,000} 3.0 |13,880/425,000] 
Computed |... .|47,600 141,800 268,000] 81.2 431,000] 101¢ 
0.0 261/22,950 14 598) 69,500} 0.86 878|112:000| 0.78 | 1,200|175,000| 0.69 
680} 20,600 1,635] 53,900) 3.03 |2,420/115,000/ | 3.330/180,000| 1.85 
14.8 1,350 50| 9.4 |2,040] 29,500] 6.9 | 2,830] 57,400] 
1,145} 3,690] 31.0 |1,760| 10,7 3.4 | 2,460] 15,200 162 
1,105) 5 1,730) 1,4 2,450| 3,200] 


Noe 
ao 


CO 


discharges i in cubic feet per sec Comparison of total bed to 

served total suspended load. ¢ Comparison of computed total suspended load (Col. 3) to observ ed total 


Assoc. -M. Am. Soe. C. E., ., and the writer . This comparison shows that the | 
spended loads are pes than the bed loads for all sizes less than about 0.3 | 

mm at Omaha and 0.4 mm at Y ankton, and for high discharges, v where the — 


~ most active bed formation | exists, for all sizes less than about 0.6 mm at Omaha 
and 0.5 mm at Yankton. In order to indicate the reliability of the relation 


used i in computing the suspended load, a comparison is is also given betw een the 
- computed total load of sand and the eum load, as. as shown in Fi ig. 9. This 
comparison shows a reasonably close agreement: of the computed with var 


mean of the observed loads. Inv iew of the data s shown in Table 3, it does not 
“seem ‘unreasonable to believe that in the Missouri River the suspended load 
may be as as potent a as the bed load in the channel- forming process. 
ag’ There s ‘seems to be little doubt that the « confinement of the Missouri ~— 
“will caw cause an increased flow of heavy sediment in it, and that this increased 


will be carried out into > the Mississippi River. What will be the | 


- of thus adding to the load of that stream? Fortunately, , the improvements | 

: ——— built in the middle Mississippi River have been causing, over a long 
period, a low vering ¢ of the bed of f this stream up to Chain of Rocks, a rock ledge 
across the river just below the mouth of the Missouri River. . The extent of 
this lowering has become such that the water depths over the rock ledge have 
been greatly decreased and a by-pass canal with locks, or a movable dam with 


19 “*The Relation of Suspended to Bed Material in Rivers,’’ by E. W. Lane and A. A. Kalinske, 7’ rans- 
actions, Am. Geophysical — 1939, Pt. IV, p. 637; also * ‘Engineering Calculations of Suspended Sedi- 
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is badly .The in increase of the sediment load from the 
r River, therefore, will tend to offset this lowering. ¥ hether or not it will be 
sufficient t to reverse the trend and cause a raising of the water levels downstream 
is question; is possible but unlikely. increase in deposit, however, 
“must occur at some point below the mouth of the Missouri River. — Such effects: 
are usually not considered in making river improvements, and their “re 
not become apparent for many years. Sometimes they require 
expensive corrective measures, as shown by the proposed improvements at 
the Chain of Rocks, previously cited 
J. Dent, 20 ” M. Aw. Soc. E (by letter). Sioux City 
Rulo the proposed channel will have a length | of 245. 6 miles, and in 1938 the — 
total fall was 236 ft, or an. average of 0.96 ft per er mile. In his closing p para- 
graph the author states that the improved channel will b be able to carry 38% 
more bed load than the natural channel, or that it could carry the } present bed ; 
load w vith a slope of only 0.76 ft per mile which corresponds to a drop of ae 
fti in the reach under discussion. 


If this section of the Missouri River is contracted and otherwise improved _ 
‘so as to increase its bed-load carrying capacity, it is logical to expect erosion 
at the upper end of the reach until a capacity load has been picked up. This — 


| 


increased bed load should then be carried through the remainder of the section 


and dumped upon the next lower reach at. Rulo. To increase the bed load of 


the river channels materially, from = to the Gulf of Mexico, is a matter that 


Col., U. S. Army (Retired), Washington, D. 
%a Received by the Secretary October 20, 1941. 
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DISCUSSIONS 


PARK 


Assoc. AM. 


DoNnaLp » M. Burmister, Assoc. M. Am. Soc. Cc. E. (by letter). is 
very gratifying to find that ; Messrs. Thomas and Sinacori share many of the | 
writer’s views and have made practical use of correlation methods on a a large 
“project. In Figs. 9 and 10 they have shown how more effective methods w were 
developed i in borrow “pit: studies, especially from the preliminary, and time and- 
expense saving, : ste andpoint, for obtaining information on the | suitability « of | 
impervious rolled-fill materials for earth dams. _ The writer has made similar a 
use of correlation, methods i in 1 earth- -dam investigations. $’ Although generaliza- 
tions for all soil types are not possible, satisfactory regional correlations can be 
made for localized areas, where similar soil types are encountered; that i is, ‘soils. 

- for med essentially by the same geological processes and having essentially the 
mineralogical character and grain-size dis stribution. 
An important task of the e engineer is to develop more effective methods of 
soil investigation for specific | problems, es especi ially from the time and expense 
“sav ing standpoint. ' This involves the application of ‘“‘Control Test Methods” 
by making a a few carefully conducted and complete soil tests: (consolidation, 
shearing, routine classification tests, ete.) | on typical representativ re soils» to 
define the correlation band | or bands for the soil types encountered on. the 
given project. The methods may be extended to the -cohesionless soil types 

by u using the ‘ “density limits,” ” that i is, the loose limit L, and the dense limit D, 
_ which serve the same purpose sand d reflect the phy sical character of cohesionless_ 

‘soils in a manner similar to the consistency limits for cohesive- plastic soils. 

Once a a satisfactory correlation has been established, the simple routine tests 


can.be made quickly and at a relatively small expense on a large number of 


a Note.—This paper by Donald M. Burmister, Assoc. M. Am. Soc. C. E., was published in January, 
1941, Proceedings. Discussion on this paper has appeared i in Proceedings, as follows: May, 1941, by Gordon 
E E. Thomas, Assoc. M. Am. Soc. C. E., and M. N. Sinacori, Jun. Am. Soe. C. E.; June, 1941, by E. J. 
- Kileawey, Esq.; September, 1941, by Dimitri P. Krynine, M. Am. Soc. C. E.; and October, 1941, by 


Messrs. B. K. Hough, Jr., and T. B. Rights. 
24 Asst. Prof., Civ. Eng., , Columbia Univ., New York, 
24a Received by the Secretary October 14,1941. 


3“‘The Physical Characteristics of Soils with Special Reference to Earth Structures,” by Donald M. 

Burmister, Bulletin No. 6 6, Dept. of Civ. Eng,, Columbia U Univ. +N , New York, Nw Y. 
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N ovember, 1941 BURMISTER ON SOIL INVESTIGATIONS. 

samples in order to obtain estimates of the consolidation, shearing, , permea- 
bility, , and other properties of soils, in as great a detail over an area as is con- 
sidered necessary for an adequate investigation and solution of the problem. — 
It is much mo more e impor tant to obtain information on the | possible - range of the - 


which have a direct bearing on the analysis - 
7 the exact vs few isolated samples area. an 
would not only permit | the engineer to visualize and analyze the situation —_ 
completely, but also serve a ver ery useful ‘pose se for and construc- 
practical of this information. 
‘To illustrate fur ther the possibilities s of such methods, 
have been a analy zed in. Fig. 11 for the the 


a more cls either of artificially ma- 


Professor Kileawley states that, an important part of foundation 
tions is to p present the field data as well as the results of laboratory tests so 
that subsurface conditions can be visualized clearly and interpreted correctly. _ 
This requires an accurate know ledge of the kinds of soils encountered—their a 
extent, , uniformity, ‘and variability, their | physical properties, and their general | a 
behavior characteristics. Consistency in the natural state is one of the most 
important of these simple characteristic properties. In very soft a 
such as are encountered in the Flushing Meadow, the ‘simple squeeze test is 
useful for obtaining fairly rel reliable information on the he consistency and shearing 
strength of all soil samples. For medium stiff and hard clays, unconfined 
compression tests on small prisms can be made » quickly on all samples for i 
termining the ‘Shearing strength and to aid in ‘selecting the least disturbed — 
‘samples for more detailed analyses of their strength | stress- 


Professor Kilcawley has emphasized the importance of establish- 


=e 


ing reliable guides for making estimates of the physical properties of soils and 


of establishing -a maximum 1 range of variation for soil type g groups, as as indicated 
by the width of the correlation band. — One of 1 of the important problems in soil 7 
~~ engineering is the ¢ accumulation of information on the behavior char acteristics - 
: of the important soil type groups encountered in different sections of the United — 
States , for r example, such as those presented 1 in Figs. 4, 9, 10, and 11, , which will 
serve a useful | purpose and help the engineer to analyze conditions for future 


construction, particularly for preliminary studies. “Oe 
_ The observations: by Professor Krynine on similar soft deposits in other | 


localities are very instructive and provide additional information on their be- 
havior. He has rightly stated that no civil engineering problem can be solved | 
definitely in the laboratory. 1 Mr. Hough, likewise, emphasizes the point that 
not only is it a matter of general interest to learn how’ test data are applied i in 

- practice, but the validity of the data cannot be judged apart from its applica- ; 


tion. Mr. Hough has suggested that further discussion on the application of of 


data might well be undertaken. 


an quick” direct shear tests and unconfined -compres-— 


= 


— 

— 

— 

— 

— 

ig 

| 

| — 

7 

joy 

» 

— 
— 

7 

| 

— 

> 
n 

- 

7 

} 


“BURMIST! E R ON ‘sol L IN NVESI ESTIG GATIONS 


of the material, no increase in shearing strength be 


Finer by Weight 


Dense Limit | 


4 


Percentages 


Compacted Soils = 
Proctor Test. Earth Dam: 
Southern New York ‘state. 
2 #06 02 0.06 0.02 0.006 0.002 ) 40. 50 
Grain Sizes, in Millimeters Liquid Limit or Loose Limit 
. GRAIN SIZE DISTRIBUTION 7 (6) CONSISTENCY AND DENSITY LIMITS 


Plastic Limit 


10 20 30 40 


0.01 0.02 03 0.04 
of of Compresiity, 2) Limit or Loose Limit 


0.13 


CLASSIFICATION OF SETTLEMENT "AND BEARING PROPERTIES 


on over and above the natural shearing strength, as a — of consolidation. 


“Such estimates should in in case be checked against field 


, or or by 


es 2“The Application of Soil Mechanics in Building @ the New York World’s Fair,” by George L. Freeman, 
-M. Am. Soc. C. E., Hamilton Gray, Jun. Am. Soc. C. E., and George W. Glick, Civil Engineering, Oc tober, 
1940, p. 649; see also ‘ ‘Soil Survey of the Flushing Meadow Park Site, Long Island, New York,”’ by George 
‘iL. Freeman, Paper No. C-2, Proceedings, International Conference on Soil Mechanics and nani 
Harvard Univ., Cambridge, Mass., 1936, Vol. I, p. 25. 


wm 


sion tests (see heading “Shearing Characteristics”) provide preliminary ela 
formation for estimating the safe height to which the initial fl could be placed 
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November _BURMISTER ON SOIL INVESTIGATIONS 
“elasticity and plasticity to foundation problems, Mr. Jiirgenson"! has ¢ given the 

she: saring stress conditions beneath the toe of an embankment approxi- 
mately as as follows: Plastic ‘state—_ 


A 

and, failure— 


The shearing strength varies with as shown in Fig. situation 


w ould be more serious if it were not for the fact that the ‘meadow mat had . 
very impor tant spreading ¢ effect ont stresses and strengthened the surface of the 
underlying s soft material so that is was ncapte of supporting the initial blanket- 


is ‘confined toa extent by this mat layer; ‘thus: 


- Plastic condition in Failure in underlying | 
2,000 = 


“100° 


h fim feet) 


‘E Experience in recl: ‘laiming and filling the Flushing Meadow ‘showed that ole’ in 


, a few instances were any appreciable ‘subsurface mov ements started, if the 
height | of fill was within recommended safe 


of 10 ft: 


‘er pressure due the fil, are estimated i in Fi ig. 5 for No. ‘17, using g the. 
data on the approximate moisture content in Fig. 1 and the consolidation test 
data for two samples from boring No o. 17 in Fig. 3 (also I Fig. 2). The profile 


is subdivided, as shown, into a conv nvenient number of increments of depth (lo- 


cated halfwa ay between each ‘sample, except at changes in 1 the character of the 


2. The settlement property of the soils, which is defined by the compression 
index cy, is estimated from the results of two consolidation tests in Fig. 3 and 
. from the correlation diagrams of Fig. 4 for the soils of the Flushing Meadow for 


the remainder of the s samples. s. The liquid limits of the s: imples of boring No. 
which are the correlation : ar guments, are taken from Fig. For settle- 
ment analyses it is more impor ‘tant to obtain an estimate of f the possible range 
of the settlement | proper ties of the soils in a deposit : at the point: where | ‘settle- 
ment estimates are desired than it is to know y an exact value for an individual 


sample at a certain depth only. - Accordingly, for the 1 range of liquid limit incl 
**The Application of of Elasticity and Plasticity to Foundation Problems,” 
son, , Journal, Boston Soc. of Civ. Engrs., July, 1934, p.206. 
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BURMISTER ON SOIL INVESTIGATIONS Discussions: 


these samples, ‘the approximate maximum range of the estimates of the con com- 
pression index c, » for the inner correlation band of Fig . 4 is found to be about 


_ +15% from the mean curve of the cor relation, | which, it is believed, should be 
a considered a fairly satisfactory | accuracy considering all of the uncertainties 


involved in such analyses, 


~The natural stress conditions in the soil (which were discussed in the 


paragraphs are assumed for Case 1 to be 


= 


consolidation) . The ratio ‘in natural 
- state (e,) at the elevation of each | sample is either taken directly from the y pres- 
sure- -voids ratio curves of of Fig. 3 or is from ‘Eq. Stresses 


_ _* In making the settlement estimates by the Increment Depth Method, 
$i) 4 Eq. 2 is solved by substituting the values of the voids ratios e; and é2, corre- _ 


sponding to pressures p; and p2 from Fig.5asfollows: 


Settlement =hX(q log. 


The approximate estimates of settlement are made as shown in Tak le 4, 4, 


which contains the values obtained for each of the | foregoing items. 


TABLE SETTLEMENT ESTIMATES 
fo. 17, Case ) 4 oF 


> 
: 
| 
A 
> 
o 


0 | 6 |(151.2)| 0.815 | 3.52 | 4.77 | 0.141 | 0.10 | 0.60 | 1.38 || 
6.0 | 151.2 | 0.5174] 2.672 | 3.390 | 0.23 | 0.73 1.154 
17.0 | 11 104.5 | 6.500 | 2.45 | 3.04 0.123 «| 0.25 | 0.75 | 1.095 
27.5 10 | 105.3 | 0.506 | 2.45 | 3.10 | 0.123 | 0.27 | 0.77 | 1.045 | 1.25 
38.0 116.2 | 0.680%) 2.57¢ | 3.41¢ | 0.154° | 0.29 | 0.79 | 1.000: 
4 49.5 | 14 106.0 | 0.511. 2.48 3.06 | 0.126 | 0.32 | 0.82 wena jl 
59.0 | | (122.0) | 0.635 | * 146 0.50 | 1.00 | 0.460 | 0.47 


— 
cdl To obtain some idea of the effect of differences between the possible stress _ 
conditions i in the deposit and those assumed, the overburden pressure (full line) 
is assumed to represent the actual stress conditions for Case 2. The corre- 
‘sponding settlement estimate is is equal to 7. 1.7 ft. The corresponding settlement 
estimates for a 5-ft fill are equal to 5.3 and 4.9 ft, respectively. ‘The settle- — 
| ment in the e meadow n mat layer at the top and the peat layer at the | bottom prob- 
ably occurred largely during the filling operation because of their more perme- 
_ able character, as evidenced by ° the continuous flow of water from the | toe of 
3 the advancing fill as it was constructed. - Hence this settlement would be com- , 
<2 pen ted for by additional fill in the operation of filling and grading to the 


pensa 


= 


« 
7 e 
t 
— 
— 
— 
4 
7 
t 
% 
= 
— 
| 


November, 1941 SOIL INVESTIGATIONS» 


surface elevation, as suggested by | Mr. Rights. 


value of the coefficient of C., of 0.0012 pow for the 
- sit and of the natural voids ratio, én, of 3.32, and a deposit 47 ft thick, ex- 


elusive of the meadow mat and peat — estimated times t in years, 
corresponding» to different percent- 
of the ultimate settlement and TABLE 5.—Estimates oF THE 


ririr 40 
‘anc e ‘ 5.4 
and are in Table 5. 


to 
of casing -and sampler, the writer. 


agrees with 1 ‘Mr. Hough’ Ss statement 
_ that the number - blows p per foot to drive the sampler indicates more relia- 


‘deposite, of only a shout 0: one or two blows Ww ere re required to ‘drive. the "sampler be- 


cause of its soft consistency. i Since, for all important structures, pile founda-— 
tions were required, the driving resistance of the casing was considered to i be 
a better indication of total resistance, in this case. 
3 In | foundation studies for buildings and earth dams, the writer has devised 
and used the tentative values listed in Table 6, which has proved to be iat 
TABLE 6.—Tenrative Vatues or APPROXIMATE 


Now| Gr anular cohesion! soils =, sity> % Cohesive plastic soils 
Very loose silt : 5 Very soft clay _ 


| 
Loose sand or silt 5-15 | <40 | Medium soft clay a — 
Loose sand and gravel; medium compact sand or silt. ..| 15-35 | 40-70 | Medium stiff clay 


Medium compact sand and gravel; compact sand or silt. 35-70 | 70-90 | Stiff or medium hard clay 
Compact sand and gravel; very compact sand or silt. iat Se 1 90+ ey Very hard clay 


* Blows per foot; 3-in. sampler; driving energy, 7, 200 in-lb; weight of hammer, 300 lb; average drop, 24 in. 
Relative density, expressed asapercentage, 


their ‘oper ties. 


fa: The liquid limit of col cohesive sities and the loose limit of of cohesionless 
soils, as as laboratory references, are assumed to be 40% relative density based on 


experience with the measured loosest states found in natural deposits. The 


| Report of Special Committee on Earths and Foundations, Proceedings, Am. Soe. E., 
“May, 1933, p. 777. ‘ 


“Al 

Deducting these 

ected for a 10-ft 

_ - fill (total height), for Cases 1 and 2, are 6.1 and 5.5 ft, respectively, and for a —_ ~ 

= time factor; and ¢ = time, in years. 
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BURMISTER ON SOIL INVESTIGATIONS 
lastic se ‘respectively, as labor 
to be. 100% - “On this basis very few natural 7 


ea relative density greater than 100%. 


lative densities Da are determined ” the relations: Cohesive — 


‘and cohesionless soil, 


in which:6 Sw, = liquid limit; Wp plastic limit; wy = approximate natural 
moisture wr = 
“limit, as a moisture content, 
A distinction is made in the drivi ing resistance of sand-gravel moistures a 
sand « or silt because the presence | of gravel increases the resistance quite as 
— as an inerease in the degree of compactness. | There is no ‘simple direct 
_ relation for different sizes of samplers and 1 casings, mr therefore the > numerical 
values must be determined from field experience. . However, for erent 
weights of hammers and drops, fairly consistent ‘values are. obtained, if a 
blows per foot are ‘made inversely proportional to the driving energy fe eight : 


of hammer times drop). 
The tentative values 1 in Table 6 have ‘not only made it possible to visualize — 
subsurface conditions better as to their foundation properties, bearing capacity, 
length of piles, etc., but also have served : a useful purpose i in providing numeri-_ 7 
‘cal values by which to compare different ‘situations, particularly i in cases where 
a —_——- are known, , where I loading tests have been made, etc.; r, in cases — 
where the allowable bearing capacity is to be estimated—for shinacng from the 
- Boston Building Code, which differentiates between the values | for loose a and 


ws 
26 See ‘‘Soil Mechanics Nomenclature,’’ Manual of Engineering Practi fi 
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CONCRETE IN SEA WATER: : A REVISED 


the Ww writer ‘to ‘believe that ‘should 1 never be ‘used i in sea water be- 
tw een high-tide and low-tide elevations. If there i is disintegration in concrete | 
in sea water, above the high-tide level, the factor of the brand of cement used — 


the construction should be investigated carefully... 
In 192 5, the engineers of an eastern railroad built a bridge across an estuary _ 
New fork, N. At the eastern end of this bridge, two test | piers were 
_ constructed. ‘Pedestal piers that s supported the st steel work of the bridge pro- a 
tected these test piers, so that mechanical abrasion due to floating i ice or logs 7 
4 was reduced to a minimum, 
The test piers were identical except for the cement. The bottoms were 
about 2 ft below mean low water and the — 2 ft above mean high water. 
No reinforcement was placed i in either pier. ‘Fresh water was used for mixing 
water. . Both test piers were constructed “in the dry” ” with accurately measured — 
water, and proper batching of aggregates. — One seat pier was built with the 
same brand of cement as the remainder of the bridge; the other was as con- 
with quick- setting high-strength cement. 

Within two years after construction, the test pier made o of the quick-— 
‘setting cement began to disintegrate ‘and within five years had disintegrated a 
‘so much that it Could only be seen at low water. oe a ee 
a Twelve ve years a after « construction, the test pier of regular cement was sound, 

q and apparently unaffected by years of exposure to the tidal range of sea water. - 
bad At that time, one would draw the conclusion that the failure of the one test 
was due only to the cement. present (only sixteen years after con- 


struction), the regular cement test pier is beginning'to disintegrate. = 


_ Nors.— —This paper by Homer M. Hadley, Assoc. M. Am. m. Soc. C. E., was published in January, 1941, . 
oe _ Discussion on this paper has appeared in Proceedings, as follows: March, 1941, by Thomas _ 
E. Stanton, M. Am. Soc. C. E.; April, 1941, by Messrs. W. F. Way, and Glenn S. Paxson; May, 1941, by — 
Messrs. Lester C. Hammond, Ladis H. Csanyi, and G. M. Williams; June, 1941, by Messrs. Harry E. 
‘Squire, and J. W. B. Blackman; and October, 1941, by Messrs. E. C. Jack, and Alfred M. Freudenthal. 
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RIGHTS ON CONCRETE IN ‘SEA WATER 
Engineers of this railroad company find that, as a general rule, concrete of 
the better grade \ w ill not show disintegration for at least twelve years. Conse 


quently, o on important bridge | piers built in salt w water, it is their general practice | 
- to face the piers between a plane about 2 ft below low water to a height of 2 ft 


in 1 this : manner, Ww with ¢ a belt of granite blocks extreme high 


above high w ater, or | hard paving blocks. The railroad 


and low water. There is no apparent disintegration in any piers thus 
tect cted . The concrete above the granite blocks seems (1941) to be in excellent. 
a ween the granite blocks, on the horizontal - 
rz layers, is missing ina ‘number of these piers. In fact, at some piers it it seems as 
— if only the bond at the backs of the e granite blocks holds them in | place. 7 This | T 
railroad company has_n not experienced trouble with any of its | concrete te piers 
a ‘poured in fresh water. The only zone of attack and disintegration 
to be in sea water between the tidal range. 
‘Figs. 2 and 4 apparently show disintegration at the base of the wall. I Tt 
a belt of granite had been used, the structure might be in good condition today, _ =| 
7 as the remainder of both w alls above > high tide appears : sound. pili 
The w riter does not know v Ww what caused this disintegration—w hether it is 
sulfate- of-magnesium attack, freezing, or ery stallization of the salt in the 


ater— —but he does know that if he were to construct piers in salt Ww rater, the 
E concrete would be protected by a belt of ‘granite at the tidal zone. ail 
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TUNNEL, CONSTRUCTION, ‘SIXTH AVENUE 
SUBW AY, NEW YORK, N.Y. 


Discussion 


By JOHN H. Myers, M. 


H. Myers,’ M. Am. Soc. C. E.*—There was a time when ‘ 
had in mind only progress. _ Inas smuch as their work was done largely in the | 
w wilderness, it was not necessary to give much attention to safety . The rock — 

7 men of that. day were adepts in blowing down mountains and incidentally 
all over t the landscape, or in with the then 


progress, with the for the: of and of 
existing structures, was inevitable and as a result a new breed of rock men has 
7 been developed. _ Mr. Feld gives much evidence of this fact and he has done’ 
~ something v very y worth while in recor rding the maton used in the construction — 
of the Sixth Avenue ‘Subway. 
so- -called “umbrella section” of track tunnel, described by Mr. 
j Feld, has been u used. for many years in the tunnel w ork of the } New Y York Rapid 
7 on Railroads. — > To the w riter’s knowledge, it was used in many - places on 
the New York City subway work, among them being the connection between | 
‘the Lexington | Avenue Subw: ay and the existing tunnels under Park Avenue; 7 


and also at many locations along Lexington. Avenue north of the point | where 


the subway emerges from under the Commodore Hotel. In fact, some of the 
tunnels under Lexington Avenue are two ro tracks high. _ The upper half of the — 
~ tunnel i is of the ‘ ‘umbrella section” ’ and rests on a steel floor which is at the te 
s same time the roof of the lower half. 6 The fact that the “umbrella section” 
_ is still being used d gives ; proof that although, when completed, it furnishes an 


_ adequate « encasing structure for the Rapid Transit Railroad tracks, it is, ~~ 
es same time, a practical structure to build under many difficult conditions. 


: —_ Norte, —This paper by Jacob Feld, M. Am. Soc. C. E., was published in April, 1941, Proceedings. __ 
5 Div. Engr., Board of Transportation (Retired), White Plains, N.Y. 
Received by the Secretary October 16,1941. | 
&*Construction Problems of the Bronx, ‘and Lexington Junction ar and 
Queensborough Tunnel Connections,” =| George Perrine, Transactions, Am. Soc. C. E., Vol. LXXXII, . 


_ December, 1918, p. 278; see also ‘ ‘Tunne Work on Sections 8, 9, 10, and 11, Broadway-Lexington Avenue a. 
Subway, New York City,” by Israel V. Werkin, ibid., Vol. LXXXI, December, sets, p. _ 
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MYERS ON SIXTH AVENUE SUBWAY Discussions 


In the wr riter’s experience with it, the i contitons were brought ab about 
by the rock encountered, and he an known ‘the ‘ ‘umbrella section” to be con- 
structed by many different methods. At times it was built by excavating a a 

central drift, placing the concrete | center bench on the floor of this drift, erect- 
ing the permenant steel w work, bracing the rock roof from this steel work and 

then n concreting the “ ‘umbrella.”” #F ollowing this step, the tunnel for one track 7 
‘as excavated w ithout the arch over the track was con- 
creted , and temporary | bracing was placed against the unexcavated rock on the — 


other side of the center line to ge up the unbalanced thrust of the completed 


‘Mr. Feld’ s ‘experience, ever, he had ‘to cope with bad rock 
conditions but, in addition, with buildings alongside the tunnel work and sub- a 
surface structures, and an elevated Tailroad al above | ‘it. All in all, it serves to 


| Gemonstat that the “umbrella” form of tunnel i isa a flexible ray and that it 


ae: 


Ny 


] 
— 
— 
_ Ss signers of the subway construction have no reason to be ashamed of it. 
— 
— 
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By Howarp WHIPPLE M. AM. Soc. C. E. 


Mz. “Au. Soc. Cc. E. the United States 
approaching a stable population and its large cities beginning to realize that 
their population i increases will be much more moderate in future decades, with - 
sev eral large c cities for the first time showi ing. ng actual decreases in pannetion Ww hile ; 


in 


commerce and with slum and blighted 
areas increasing in extent and severity, the problem of rebuilding cities in the 
‘United States ranks near the top of the list of important things to be ¢ given 


all presented a are naturally upon New 


standards of land use, and 1 unit costs of public improvements s and services, _ 


similar computations made i in smaller cities with different ‘standards of land use 


and different unit costs. may ‘demonstrate even more striking differences between 
the rehabilitation of existing blighted areas, , the entire rebuilding of these areas, 7 


and the relocation of their populations on vacant: land in outlying sections within 
~The basic facts made ¢ available in Clev eland, Ohio, by the continuous = 

 . roperty Inventory started i in 1 October, 1932 , augmented by unit costs 3 of a 


improvements and services, make such ‘a study possible with | a minim 


__Nore.—This paper by | F. Dodd } McHugh, Esq., was published in June, 1941, Proceedings. Discussion 
on this paper has appeared in Proceedings, as follows: October, 1941, by Donald M. Baker, M. Am. Soc. C. E. 


; 10 Secy., Cleveland Health Council; Director, Real Property Inventory of Met. Cleveland, Cleve- 
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COST _OF PUBLIC SERVICES n iia 

_ RESIDENTIAL AREAS 

q 

f center of most large American cities with increases in population around the — 

j 
— 

— 

= 

- 

_ pattern (especially the Borough of Manhattan), doubtless will show quite 

— 

gg. 

Received by the Sec Octob a 
Received by the Secretary Oct 14, 1941. | 


on SERVICES _ 
However, it is as true in Cleveland as in New York that the 
pores utilities that were complete in the section designated as census tract J-1 
_ (with a population of 6, 14 in 1910), which decreased to 493 in 1920, to 49 in | 
1930, and to 3 in 1940, were of no assistance to census tract T-8 w ith a popula- 
tion o of 59 in 1910, which increased to 1,557 in 1920 and to 10, 577 in 1930, 
ah to 9,986 in 1940; nor were the schools, hospitals, and churches, | or the 
etail ‘stores, _ water mains, sewers, paving, gas lines, and electric and telephone 
aeiiie serving the 6,114 inhabitants of census tract J-1 in 1910 and quite 
useless to the 3 persons living in this area in 1940 of any aid to the suburb of — 
ey Heights, which increased from a population of 156 in 1910 to 5 981 
in 1940. = Such a shifting of population is one problem during periods of rapid 
population expansion a accompanied by proportional expansions of industry 
_ commerce, but it is quite another as as a stable population is appr oached. eo 
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DIRECT 


BY MESsRs. W.B 


ANGBEIN, 20 Assoc. M. Am. Soc. C. E. reading of this paper 
‘seems to { give the imeenion that the objective: es of flood routing nae set forth in 
_ the first paragraph are not being realized at present. — In their presentation the 
authors seem to overlook the fact that floods are being routed daily and _ 
| y by empirical methods as. described in the following 


which are evidently as simple as those they proposed: -_ 
Sie of Ohio and Mississippi Rivers, January-February, 1937,” by N. 
Grover, M. Am. Soc. C. E., Water-Supply Paper No. 838, U. Geological 


(2) “Natural Stream- Channel Storage,” by_ R. E. Horton, M Am. Soc. 
Cc. ., Transactions, Am. Geophysical Union, 1936, pp. 406- -415. 
_ (3) “Definitions and Classification of Flood Ww aves,” by R. E. Horton, 
Bulletin: No. 25, Permanent International Assoc. of Navigation Congresses, 7 
(4) an Method for Correcting River Discharge for a Changing Stage,” by _ 
B.E. Jones, M. Am. Soe. C. E., Water-Supply Paper No. 375, U.S. Geological | 
“Some Channel- Storage and Unit- Hydrograph Studies,” w . 
ei Transactions, Am. Geophysical Union, 1940, pp. 620-627. ieee 


(6) “The Unit Hydrograph Flood Routing,” by G. McCarthy 
(unpublished manuscript presented at conference of. North ‘Atlantic! Div., 
of Engrs., U. S. Army, June 24, 1938). 
— (7) “Hurricane Floods of September 1938,” by C. G. Paulsen, M. Am. Soe. 
C.E., and others, Water-Supply Paper No. 867, U. 8. Geological Survey, 1940. 
; (8) “Flood Routing,” by E. J. Rutter and Q. B. Graves, Assoc. Members, 7 
-. Am. Soc. C. E., and F. F. Snyder, Jun. Am. Soc. C. E., Transactions, Am. Soc. 
Vol. 104'(1939), pp.275-313. 
i (9) “River Hydraulics,” by the late J. A. Seddon, M. Am. Soc. C. E., ibid., 
(10) “Engineering Construction: Flood Control,” the Et Engineer School, 
8. Army, Fort Belvoir, Va., 1940, ‘pp. 127-177. 


— Nors. —This paper by C. O. Wisler, M. Am. Soc. C. E., and E. F. Brater, Jun. Am. Soc. C. . 
- published in June, 1941, Proceedings. Discussion on this paper has appeared in Proceedings, as follows: ¢ 
# October, 1941, by Messrs. Ray K. Linsley, Jr., Harold C. Hickman, Robert B. Horonjeff and Herbert G. 
Urowie, 'L. K. "Sherman, and Alfred L. Brosio. 
_ % Associate Hydr. Engr., 
206 by the October 15, 1941. 
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ON 


(11) “gynthetic Unit- Fl 
Union, 1938, pp. 447-454. 
(12) “The Hydraulics of Flood Movements in Rivers,” ‘by H. H. A. Thomas, 
M. Am. Soe. C. E., Engineering Bulletin, Carnegie Inst. of Technology, 1934. 
a8) “Storage ¢ and the Unit Hydrograph, ” by C. O. Clark, Jun. Am. Soe. 
E., U.S. Engr. Office, Norfolk, Va., 1940 
. The authors undertake to compute a hydrograph of inflow from the unmea- 


nell area and refer (par ‘agraphs preceding “Routing Q and J Through to a 
in n’’) to a comparison between two methods of computing g the volume 
of inflow. it appears to the writer that t the two methods are one; nial difference 


= ascribed to arithmetic discrep: repancie 
For in method ‘ae Morgantow n— > A 


in method 2 


‘the beinning of ‘the hy raph ‘to its end, storage 


as a a part ‘of its » of the Ohio flood of January, 11987 (1). 
authors state (see “Synopsis” ”) that 
“The entire procedure is based upon the storage upon the 
principal that, for all high stages, there is a straight- line relationship 

betw een the volume of storage contained in any reach of river channel and 
_ the sum of the inflow rate at the upper end and the outflow rate at the 
lower end of that reach. perhaps for unus unusual 

This statement is not generally wapparted of others. McCarthy, 
Assoc. M. Am. Soc. C. E. (6), showed that, 1 in the general case, unless proper 
Bat ees were assigned to inflow and outflow, the discharge- -storage relation was 
-aloop. special case of the authors, of equal weights to outflow and inflow, 
ae has been shown by the w riter (5) and iene (13), to be comparable to simple 


veighted ischarge and storage i 


a neces sary 


th 
it nr be true for a. minor or tributary but certainly does not hold true for aon 
= ~ For example, in ‘Fig. 1 the point of contraflexure occurs later on the 


21 Routing” thus: (1), refer to the the foregoing pelerences to on 
F outin, = 
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rATUM ON FLOOD 


. Morgantown b hydrogr aph t than on the one at Fetterman; evidently, this is simple 
hydraulic lag. The time e of contraflexure was even later at Charleroi, Pa., and, | 
as one proceeds doy wnstream, even the peak may be considered as drainage 
from upstream ar eas from which overland flow had long since terminated. Ey me 
The w writer has used the method of computing storage relations 
recession ¢ curves (5). *F rom his experience he would be very much 1 surprised if 
- points. prior to the point of contraflexure did not plot to the right ‘of the curve | 
as in Fig. 2, and he cannot accept this as proof that this is the point of termi- 
method of ‘verification adopted by the authors (applying empirical 
formulas directly to the material used to derive them) may be deficient to the 
extent that the data used in the derivation of the technique may have sampled _ 
4 only a limited number of experiences. — A later flood | representing an entirely 7 
different combination | of events” ‘may prove empirical methods to be | 
unreliable. Present flood- -routing technique I has many shortcomings, and there 
jisag a great need for the ‘application of some of the more general laws of fluid : 
motion to the problem to replace present empiricisms. It seems that 
the authors did not take full advants age of the ns 6 


material r elating to the: technique of flood routing. 


"RED E. ‘Tarum, 22 (Jun. AM. Soc. C. ™_The method adva 


thus obtained the true storage f that particular storm rather: than 
: average curve as computed by other methods. 
a The true recession curve is an exponential curve and the recession factor 


can be designated by ‘‘K.”’ The recession factor ‘‘K,”’ of both the upper and 


!: gaging stations, must be equal for the S versus (Q + O)-curve to bea 


Straight I line. In the case of unequal recession factors, S v versus (Q+ 0) wi 
ob Since the recession curves are e exponential. and equal, the S versus (Q + 0)- 
curve should be a straight line starting at the origin and drawn parallel to the 
- curve used by the authors . The curved line obtained at lower stages by the | 
.< authors i is apparently due t to the fact that the point at at which ‘surface runoff 
a appeared to end was sooner than the actual ending time. a Tee = 
71 ‘This routing method gives good results: when the two gages are reasonably 
close together, but if the reaches are t too long for the period of time required | for a 
the results cannot be e depended upon. One of the requirements 
routing i is that the reach should be of such length that the time of travel through _ 
the reach is about the same as the length of the period used i in 1 routing. 
it seems that the authors ' went to considerable trouble in 1 computing the 
local inflow and then it down to the gage, when it is readily rould be at 
an an easier method. The of local inflow, of necessity, w ould be at 
Junior Engr., U. S. Engrs., Rock Island, Ill. 
Received by the Secretary October 15, 1941. 
Pit Relation Between Rainfall and Run-Off from Urban Areas,” by w. Horner F. 
; Flynt, Transactions, Am. Soc. C. E., Vol. 101 (1936), p. 140. 


™4“The Mathematical of the Flood Hy by R. T. Zoch, Am. Geo- 
physical Union, 1939, p. 207 
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Discussions 


the lower r gaging station, and sheets W ould not: _" be routed - The loc: al 
inflow hydrograph can then be obtained by s subtracting the routed flows of the 
upper gaging station from the flows of the lower gaging station. — The difference 


C. W OSTER Assoc. M. Am. Soc. C. 25¢—The method of flood routing 
developed by the e authors is felt to bea a distinct ¢ contribution to the methodology 
of delineating flood and damage source areas. The method is particularly 
_ adapted to use in the flood- control preliminary examinations and surveys of the 
Department of Agriculture, in the prosecution of which it is usually impracti-_ 
+ cable and economically impossible to obtain the channel cross sections and other 
hydraulic. data requisite to the more exact methods of flood routing . 
_ pe The authors’ method | has been used during : and since its development i in the 
- flood- control preliminary examinations con conducted by the e Appalachian Forest 
_ Experiment Station, at Asheville, N. C., and, since May, 1941, under the 


Manta, Ca of the Office, Beonomies, at 


n used 2 as a basis rsa allo 


can be expected to flood ‘The | flow routing 
is used also for approximating the contribution of each area a the anticipated 
reduction. 
This: discussion is intended to present some of the difficulties encountered 
in ‘the application of the method, in the hope that: they may be considered by the 
authors in any further development and refinement of the method. is 
regretted | that solutions of the difficulties cannot be be offered i in this is discussion. 
The authors state that their selection of gaging stations for illustration was - 
based partly on the excellent discharge records available. Iti is evident from 
the presentation that very good results have been obtained with these records. 
In the studies made by the writer it bas been necessary to use the available 
"discharge records for the watersheds studied, many of which are less reliable 
than those used by the authors because of hack of definition of stage-discharge 
_ relationships for high stages 0 or because of complications due to backwater, — 
slight regulation, other causes. s. Gaging station 1 records affected by 
nounced stream regulation | have ne not t been used. The results obtained | by using 
the regular run of discharge records are less fede: than those encountered 
by the authors. _ It has been found necessary in most cases to adjust the 
routed hydrographs of Q and J after completion of the procedure because Ww hen 
_ they are combined they do not check, even a the actual pemnene. hh 


aa 2% Associate Hydr. Engr., , Appalachian Forest Experiment Station, ‘U. 8. - Forest Service, Atlanta, Ga. 
%a ed by the 16,1941. ’ 
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_ In most cases w Ww here re adjustment 0 of the routed hydrographs has been made, 
it has been found n necessary to reduce the peak of the routed hy drograph of Q- 
and move it ahead in point of time. This appears to indicate that the relation- 7 
ship of (Q + O) to channel storage does not yield sufficiently large storage _ 
ve lues. T his has been found to be particularly true in cases where the distance _ 
betw een gaging stations is long. — ~ One reason f for this may be that the relation- a 
ship between (Q +0) ‘and channel storage ‘was developed from the recession. 
side of the hydrograph and does not take account of the fact that for a given 
‘ea the channel stor age is greater. on the rising , than on the recession side of 
the » hydrograph. Consequently, application ¢ the authors’ channel 
7 “storage relationship reduces the peak discharge in transit between stations less 
than actually occurs. Also, | the actual time of transit of the flood wave is — 
than that obtained by this method 
ile It has been found that, in computing outflow from the inflow hydrograph of — 
Q, negative values of outflow are often obtained for a number of periods at the 7 
beginning of the outflow hy drograph. . Since the total volume of 7, ‘including | 
P then negative values, equals the original L volume of of Q, then, if the negative re values — 
of Q’ are called zero, the total outflow becomes greater hen the or iginal volume. _ 
This is believed to be due to errors in the slope of the storage curve near its a 


low er end and doubtless could be ‘corrected by adjusting the slope of the storage — 
curve sie trial and error. — It has been found to be quicker and more convenient, 7 


for In the inset of Fig. 1, the stream labeled 
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_ METHOD OF PREDICTING THE RUNOFF 


FROM RAINFALL 


MEssRs. RICHARD VAN N VLIET, AND LERoy SHERMAN 


Were 


Ricwarp van Vuret,® * Esa. 
called water-loss curve been evaluated in this pay paper. W: ater- curves 
based on monthly or seasonal rainfall have been used for a number of years by 


 hydrologists i in 1 studying the yield o of drainage basins. The authors have de- 
veloped such a curve for the Valley River, based on ‘individu: ul stream _Tises. 


‘The Ww writer wishes to comment on a few of their conclusions. . oe 


The suthors refer to one of the w ays by whi hich rainfall is is depend of as 


“surface loss” "os vhich, as defined by the en in reality the s sum of two 
quantities— 
these quantities separately, a ‘study. of the storm rainfall pattern i is sail. 
It cannot be done with any degree of success by considering only the total 
: amount of storm rainfall land du duration. The volume of interception and de- 
pression storage depends o: on rain intensity. Intere ception « occurs at all rainfall 
ss intensities, whereas depression storage cannot occur unless the rate of rainfall 
is greater the infiltration capacity. The authors state that “surface loss” 


a — constant at some extremely high rainfall, but this is true only if the le 


particular “high rainfall’ is equal to the infiltration capacity. Excluding 
infiltration, interception becomes constant at very moderate rain intensities 
a — interception storage is filled. This paper is a study of surface r unoff 
_ phenomena, and in such a study the rainfall must be considered in detail, in 
regard to both its intensity and duration. 

=) ‘The: authors state that the duration of surface runoff may be taken as the | 
a! length of t the unit graph base. | From analys ses of various ‘stream rises, together 
- ee with the corresponding channel inflow graphs, it has been found that direct 
a surface r runoff er ends 2 at about the ‘point « of inflection | on the ‘Tecession side of the 


4 = 
J 


, ae Nore. —T his paper ee Ray K. Seetine, Jr., and William C. Ackermann, Juniors, Am. Soc. C. E., was 
published in June, 1941, Proceedings. Discussion on this has appeared in as 
October, 1941, by Bertram 8S. Barnes, Assoc. M. Am. Soc. C. 


§ Prin. Asst. Engr. to Robert E. Horton, Cons. ‘Hydr. Vootheeevile, N N 
8¢ Received by the Secretary October 8, 1941. 


® “Hydrologic Interrelations of Water and Soils,” by Robert E. ‘Horton, , Proceedings, Soil Science “ 
“ America, Vol. 1, 1937, pp. 401-429. 
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SHERMAN ON RAINFALI-RUNOFF PREDICTION 
hydrograph o of a stream rise. © Beyond the ‘point of inflection the recession — 
side of the hydrograph is composed of two items—channel storage and ground 
water. The area under the rec recession side of the hydrograph beyond the point 
of inflection and above the e ground- water flow curve is usually referred to as 
“channel storage The use of the term ‘surface- -runoff recession curve” by 
the authors to express this quantity, is deemed unfortunate, a as the. term ‘ ‘chan- 
nel storage recession curve” is. generally used to express this quantity, since 
‘surface runoff has ‘ended. Attention is called to the fact that the method of 
che recession curves W published by Robert E E. 
In Fig. 7 the ‘duration in hours,” with ‘ ‘time 
to ground- -water peak, in hours.” A study of the paper leads to an understand- 
ing that duration of rainfall is Py total duration of storm rainfall, including 
any residual rainfall (rainfall in which the intensity is less than the infiltration 
capacity). The vriter cannot agree w ith the authors that this relation holds 
true for all cases if total 
ample, consider two storms, identical of rainfall 
of 1-hr duration; that is, with rainfall intensity greater than infiltration capacity. 
In one stor m, how ever, assume also a period of residual rainfall 1 in wl hich the 
; intensity is, ‘say, 0.05 in. per hr, 0 or well below the infiltration-c: -capacity rate, and 
: lasting for 4 hr. In the fi first storm the duration of rainfall is 1 hr and in the 


latter storm 5 hr. - Other: factors being ‘equal, the time at which the ground- : 
water flow wi will each ‘its ‘peak will be be practically the same for both storms. 7 It 
r that any attempt to correlate total duration of rainfall 


with time for pin water to reach its peak will give results of little value if 
the total duration of rainfall includes the period of residual rainfall. cy a 


_LeRor K. SHERMAN, 1M. AM. Soc. C. E. quantity of in 


of surface "procedures he we e been used 
approximate this important antecedent soil-moisture index. The writer? and 
_ others have based their approximations on percentage of antecedent rainfalls alls 
together v with the intervening am amounts of ‘ ‘drying out” time. - The authors have / a 
- estimated the amount of “‘drying out” with the logical and more specific use of _ - 
evaporation factor, 
In Table 1 the usual practice of segregating base flow, or ground-w water 
a flow, and surface runoff has 1 not been followed. _ Apparently t the authors as- 
maine: that. ground-water runoff (Col. 3) is due to infiltration, not absorbed 
P| (Col. 10), : and that this g ground-water runoff all comes from the ; given storm on 
the basin. This may or may not be true. Ground- -water runoff may originate, 
in part, fesen: territory outside of the basin. . Apa art of the ground-water flow 
I rom y Ap g 


_ Inay be measured by the stream gage and a part of this flow may by-pass ll 


‘Surface Runoff Phenomena,”’ Robert E. . Horton, Publication 101, Horton Hy drological Lab., 
Voorheesville, N. Y., 1935. il 


2 la Received by the Secretary October 15, 1941. 
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OFF PREDICTION 


gage in transit or the ‘soil. Iti is s possible to o che ck the ‘assumption made 


In Table. 3 the w writer selected, random, « storms from Table. 
If th the ground-water runoff is all accounted for in the manner assumed by | “a. 


“TABLE 3.—Cueck ComputTaTIONS or Loss AND Runorr* 


| | Infiltra- 0 Infiltra- | Difference 
Rainfall — ste = tionand | +* = tionand |(Col. A mi- 


runoff | initial nus Col. B) 
1l 


25 
+0.12 
—0.20 
+0.04 
+0.01 


ODO 


authors, then the figures in. Col. al the figures in 


tion, predicated upon correctness of. absorption and loss. 
For a pioneering job this showing i is not bad. it indicates that in this par- 
ticular t basin the authors’ ’ assumption : as t to ground- -water flow and origin is 
correct. The authors have not made use of the more recent concepts of the 
infiltration theory, such as rainfall excess, the recession curve, and the mass. 
curve of infiltration capacity. y. The writer | used a few of the ‘authors’ ante- 
cedent soil moisture ‘figures in such tests, but the number so u used was | not 

Further research, on the derivation of initial soil moisture the lines 

suggested 
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Discussion 


By T. J. RopHioUsE, JR., Assoc, M. me Soc. C. 


£ J. Ropuouss, Assoc. M. Am. Soc. Cc C. E. —The 
nade i in Section II of Joint Committee’s ‘Progress Report that appropriate 
measures be taken to hasten official recognition and use of the state plane 
coordinate systems by enlisting the cooperation of ‘state agencies is certainly a 
8 step in the right direction. if state highway « departments, and other. depart-_ 
ments the various state governments use of is substantial, 


‘start of the computations of ‘the state systems of plane coordinates. Early 
1933, the late George F. Syme, M. Am. Soc. C. E., of the North Carolina State 
Highway and Public “Works Commission, requested the U. Coast and 
S| _ Geodetic Survey to study the possibility of setting up systems of plane coordi- — 
© nates for North Carolina and thereby furnished t! the incentive for the initiation 


s of the federal government are also in a position | to aid — 
in the campaign for the adoption of the state plane coordinate 
n fact, much has already been done in this direction, Aeasen i by 


sy stems. Ih 


Associate Bagr. (Civ.), U. 8. Engr. Office, Rock Island, Ill. 
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k monumented points, legal recognition will undoubtedly be materially speeded , a a 
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of Surveys and | Maps, w which, as as 1936, ‘its 
member er organizations t to use state plane coordinates wherever practicable. a a, 

The | state plane coordinate. systems were called to the atte 

various district and division | engineers of the U. Ss. Engineer . Department 7 


circular letter from the office of the Chief of Engineers, da , dated May 1, 1936 
‘Incorporated in this letter was s the following statement: 


“In so far as may be practicable, it is proposed that caiinainen be | 


given to the future use of this system of basic controlled coordinates i in 

surveys for river and harbor and flood control projects throughout the 
Engineer Department where strictly geodetic methods are not w arranted, | 
to the relatively restricted area of the sill 


J.8. Engineer Office at Philadelphia, has adopted the New 


e Denison the Red 

‘Washita rivers and Oklahoma border, by the U. S. ‘Engineer 

Office at Denison, ‘Tex., were based on the “Oklahoma Coordinate System, 
. South Z Zone.” 7 The Pittsburgh (Pa.) Engineer District has conducted numerous _ 


-_ Jarge-scale ma yping operations in connection w ith pr proposed projects for flood 
I 
protection for the ‘City of vicinity. has been 
we ‘The question of utilizing state plane coordinates for the surveys in connec-. 
g 


an tion with the development of the Upper Mississippi River Nine-Foot Channel 
og Canalization arose after surveys had been a 


in the surveys and mapping See a project could lead to con- 


confusion, particularly in the work of land acquisition. According Bly, 


which covers a reach of about 40 river miles and has a of 
3 miles, readily lends itself to the use of plane coordinates in all survey and — 
‘mapping operations. When and if the construction of this reservoir is begun, 
it is proposed to incorporate the state plane coordinates of monumented corners 
in land descriptions and plats i in general conformance with the recommendations 


a “The Utilization of the Plane Coordinates in New Jersey,” by Philip Kissam, U. S. Coast and 
Geodetic Survey, Geodetic Letter, January, 1937,p.17. 
12 “Maps, Monuments and Control Surveys,”’ by Ww. W. Studdert, ibid., p. 27. 


“Control Surveys for Flood Protection Projects i in the District, ‘Thomas Je Mitch 
Civil Engineering, May, 1939, p. 277. 
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-RODHOUSE ON LAND SURVEYS» AND TI 


systems as the basis for various types of property 
and many special surveys.'* 4 The Bureau of Reclamation, in in establishing the 
specifications for the surveys of the Grand Coulee Project, evolved in 1933— 
1934 a system for the Columbia River ‘Basin 


There are undoubtedly numerous other instances of the use of state plane ~ 
coordinate systems by governmental agencies that have not come to the 
w riter’s attention. co All such use will no doubt assist in the education o of the 7 
engineering profession, the legal profession, and the laity in the use of state 
_ plane coordinates in surveys and land descriptions. 
The writer concurs in the Committee’s recommendation that it j is desirable — 
for a, land description to be supplemented by : a suitable plat, either as an in- 
z tegral part of the description itself, or by reference to its place of filing in the 
public 1 records. _ The former method i is recommended, since it makes the plat a 
readily available to all persons having occasion to ‘refer to the instrument in 
which the description is incorporated. This method is desirable, for instance, 
in land acquisition by ‘condemnation, w here the descriptions ; and plats may — 
not be filed in the local records until title to the lands passes, often a year or 
‘more after the aco acquisition proceedings are instituted. ~ Copies of the descrip- 
g tions and plats of all parcels involved are first incorporated in in the condemnation © 
and become a most important | part of it. 


As a matter of economy, it is often not feasible to attach a ‘separate plat to 
each description. E A large number of small, contiguous parcels can be incorpo- | 
rated ina single plat with a considerable saving of drafting time. . In such 


“cases reference to the plat by number i in the descriptions of all tracts shown on 
it should suffice. 


The sample descriptions | recommended d by the . Joint Committee include a 


minimum amount of survey vey data in the « descriptions themselves. - Asa . general 
Practice the ‘minimizing of the data in | the 


Where No Plat is” Available. —An important form of description for 
ee -Tight- of-way tracts of uniform w w idth is the description based on the surveyed — 
y center line of the e right of way. _ This type of description is frequently used for 
highway, levee, and other of ways, is recommended for ‘such use. 
Describing the center line rather ‘than the boundaries of the tract makes for 


brevity in the description as well as for e easy retracement of the s survey. 7 a is 


_ believed desirable to add this form of description to those recommended by a 


am 4 “Use of State Plane Coordinate Systems in Property Surveys by the Tennessee Valley Authority,” 
by George D. Whitmore, U. S. Coast and Geodetic Survey, January, 21. 
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Pe “BLANK RESERVOIR 


No. 1 County, Io Towa 


; A tract of land situated i in the — of Blank, State of of Iowa, being a strip 
- land of uniform width of 66.0 ft located in SW{N W3 section 2, township 90 — 
north, range 8 west of the 7th principal meridian, | bounded on the westerly 

end by the west line of said section 2 and on the southerly end by the east and — 

west quarter line of said section 2 and being 33.0 ft on each side of the following | 

_ described center line, all coordinates and bearings being referred to the Iowa Towa 

Coordinate System, South Zone: 

. 1 Beginning on the west line of said section 2 at a a point (coordinates: . 

 g = 2,499,896.4 ft, y = 601,131.3 ft) which is north 01° 53’ west, 543.9 ft 

from the west quarter corner of said section 2; thence north 7 5° 17’ east, 

498.2 ft to a point of tangency; thence 366.4 ft along the arc of a curve to 

the right, the radius of which is 286.48 ft and the long chord of which bears 
south 68° 05’ east, 341.9 ft, to a point of tangency; thence 494.5 ft along 

_ the arc of a curve to the left, the radius of which is 1,432.40 ft and the long 
chord of which bears south 41° 20’ east, 492.0 ft, toa point on the east and ‘ 

west quarter line of said section 2 which is south 88° 54’ west, 125.3 ft 

from the corner of f said SWENW3 section 2, containing 2.3 acres, 


=u Description 6 is complete in itself and is recommended for use in the event. 


a. € ference cannot be made to a | plat. The numbers are given only in numerals : 
; and are expressed. only to the nearest minute in the bearings and to tenths of a 


computations: and make the use of the term ‘ “more or less” unnecessary. — Bo ae 
a n Descriptions based on a center line are often unsatisfactory i in that | they fail 


to describe the end bounding lines adequately. . In the absence of a definition © 
of such lines it is logical to assume that the tract i is bounded at the two ends by 
lines perpendicular to the center line at its end points. _ i In Description 6 the 
end bounding lines are stated definitely and this practice is recommended in 
all center-line type of descriptions. 
Sample Right-of-Way Including a Plat As Part De- 
v2. scription. —Description 7 7 is similar to the general part of Description 6 in that 


it locates. the tract by ‘section, township, and | range, « defines: the end bounding 


~The plat incorporated byt reference to ‘the file number gives ie coordinates 
of two land | corners, as well as of the point of beginning of the tract, and the 


courses and distances along the center line of the Tight-of- -way tract. The 


83 
foot in the distances. These units reflect the accuracy << the field vagal 


avy 


‘courses are expressed as grid bearings, although th they could be stated equally 
well as grid azimuths. os . The latter have the advantage of being more readily 
utilized in the field in making a retracement survey . Bearings, on the other 
stl are undoubtedly more readily understood by the abstracter of titles, or 
title adie. ~ Both grid north and true north are shown by arrow on the 
plat, together with the of north from | true north, in 
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E ON LAND SURVEYS AND ‘TITLES 


“BLANK RESERVOIR 
Tract No. Counry, Iowa 


A tract of land situated in the County of Blank, State of Towa, being a a strip 
of land of uniform width of 66.0 ft located in SW 1NW} section 2, township 90— 
north, range 8 west of the 7th principal meridian, ‘bounded on the w esterly end 
by the west line of said section 2 and on the southerly end by the east and 
w - "o°r¥ line of said section 2, oe 2. 3 acres, more or less, said Tract 
‘1 


(Arc=494.5 
Radius=/432.40° 
(Chord S4/ 20 492. 


COR., SECTION 2 
x= 2.499, 9/4.3° 
600,587.7' 


cor. SECTION 2—~ 


Xe 2,501,24/1" 


AND BEARINGS ARE REFERRED 
TO THE 1OWA COORDINATE SOUTH ZONE 


90 N., OF THE 7IH PRIN IOWA RIVER 
BLANK COUNTY, FLOOD CONTROL 


LAND ACQUISITION 
ROADWAY TO DAMSITE 


— degrees and minutes. _ These data should, be shown on the plat i in every ¢: ase 
where the relationship can be computed readily ones 
a The use of coordinates: for descriptions and plats of boundary | prior to. 
official recognition of the coordinate sy sy stems through the enactment of enabling 
laws must necessarily proceed with caution. . Two properly executed inde- 
pendent § surveys originating at different control stations and touching upon 
‘identical points may result in disagreement as as to the coordinates of those points : 
unless the tw ‘0 surveys are properly coordinated. Without proper coordination 
; adjacent or over apping surv eys, identical po points might carry different sets 
of coordinates on recorded plats or descriptions compiled from different surveys, 
confusion in the minds of title examiners. In other words, 
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although a point has one and only « one set of coordinates, the determination of. 
those coordinates by survey is limited by the accuracy of the survey work. 
The situation is analogous to that which ‘confronted the ‘ULS. Coast and 
Geodetic Survey in the development o of the horizontal control net over the 
‘United States. As the work progressed it became necessary to o adjust new 
ares of triangulation in order to fit t them into the net that was already in 
existence and already adjusted. Eventually a a comprehensive a adjustment was 
Tequired, changing all coordinates except t those for | central station. _ The 
ideal procedure in the use of state plane coordinates would be to establish an 
number of adjusted control stations prior to the use of the coordinates: 
in land descriptions that are to be filed for record. ~ How ever, , the benefits to | 


be derived from the use of the systems are great enough to justify beginning ; oF 


=, 


> 


To avoid | continued difficulty i in boundary locations and in the tracing 
1, land titles, : a central bureau in each state for the filing and dissemination of dete 
“necessary for the establishment of boundary locations is imperative. This” 
agency might best be in the form of a State Land Court with sufficient authority | ; 
to exercise control over all surveys and descriptions to be recorded. = The results — 
— of the Joint Committee’s survey to determine what methods have already been 
ey put into practice to accomplish this end clearly | show the past negligence of 
most states: in the The recommendations in n Section IV 


in the coordination of survey: eys. De 
of 


and use of survey date data, particularly in land 
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STRESS ANAL YSIS BY THE 


PERCENTAGE METHOD 


4 
Discussion 


194__F} or more than a century st structural analysis 
been almost characterized by abstract mathematical speculation. 
This is especially true of the eighties. Its seems as if this 1 trend was started by 
specialists to establish— —as a myster} y—the art of expressing ng simple ‘relations 
endless formulas and equations. today this characteristic of — 


analy sts i is admired : and lemulated the w world over. In the United States writers 


of textbooks have mitigated the learned excesses, but fundar 

complicating: expressions such as “redundants,” “least work,” | ete., “still 

abound—coneepts that are not essential to the type of structure to be , designed. 
a The present trend is toward simplified methods of balancing moments or ‘rota- 
= such as that developed by ‘Professor C Cross. "This symbolizes a much 


~ needed reaction to a study of how a structure acts in nature and of relative 

efficiencies. The cycles of computation, back and forth, to balance a dis 
_turbed equilibrium i in a structure are easily perceptible to the analyst. Even 


these arithmetical devices are unnecessary, ever, if the analyst will 
"directly, the geometrical deformations that can be observed by theeye. 

Professor Witmer states (see heading “Present Methods of Design’ " that 
“Of the so-called ‘exact’ methods, the ‘slope deflection method’ * * * and the 


method of end-moment distribution see are the most outstanding.’ 

a statement is incomplete. _ A form of visual ex experiment has been advocated by 
the w Titer: for many years® as the logical basis of all structural analysis. 
model composed of flexible s splines, subjected | toa a unit geometrical alteration a at 
any place, bends into curves which are the parts: ; of the influence line for the 


TE, £.—This paper by F. P. Witmer, M. Am. Soc. C. E., was published in Sune, 1941, Proceedings. ~ 
ussion on this paper has appeared in Proceedings, as follows: September, 1941, by C. M. — 
M. Am. & Soc. C. E.; and October, 1941, by Messrs. Francis L. Castleman, Jr., and Clyde T. Morri 


1e Secretary 9, 1941. 
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By OTTO GOTTSCHALK, EsQ. 
— 
a 
— 
— 
— 
— 
— 
= 
‘ — 
nsac- 


wey 


>: 
stress represented by the iii ed part. Ther ‘asin to rotation at th the end of 


a member, of specific stiffness K Is the relative stiffness" 


One of the principal Setiaa derived from the use a aida is to aii the 
‘structures agate nd ‘Separate from | load : stress in 


“1” or Uprer pe 
ushed to th i dis _ The columns tl then n assume a CurV ed 
for m whose end cenaeiiie intersect the ii levels at distance f and f',a as shown. 
The resistance of any one column to the unit horizontal ma el 7 


in which, , generally, f and df’ have signs Pi is to 


unit displacement Then indicates the absorbed by that 
column of the total cited thrust P acting at the upper floor. The per- 
_ centage thus obtained is multiplied by the horizontal thrust P to compute t the 
3 thrust at each column. The analyst scarcely realized that he has introduced 
the thrust P into the geometrical analysis 0 of | oes - fyi itself; yet that i t is | what i is 


“Structural Analysis Based Upon Principles Pertaining to Models,” by Otto Gottschalk, 
Am. Soe. C. E., Vol. 103 (1938), p. 1020.0 
105 (1940), Eq. 5, p. 1020.00 
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Beam Shear, 


(a) LONG CENTRAL SPANS 


= = QL) | — ain 


(10.5) 
LONG SIDE. SPANS 


T | 
Scale of Feet and = 


SPANS LONG AT ONE END 


—151 


= 707 +76 7.5=1060 Kip-Ft a 
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K-PERCENTAGE METHOD Discussion 


— example) it will be admissible to 


eS by oy for 


affecting the results materially. 
Similarly, ,in structures 
the columns joining at the upper 
at the lower floor of each 
story will influence the members | 
of that story in equal propor- 


tions, and _ the purpose of ted 


by the 
‘siveness of the columns at the 
sides, at the center, or or at one side 
of ‘the building, proving again 
that the load distribution is en- 
ra tirely different from that: deter- 
“mined with the assumptions 
made in some of the older meth- 
ods, as rightly emphasized by 
Fig. 6 is the three- bay, 10- 
story bent presented elsewhere 
by Professor | Witmer™ which the 
writer has analyzed according to. 
views. It will be noted that 
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the flexibility of exterior columns 
exceptionally great in relation 
ae to the remainder of the structure. 7 
Thee analysis can bedemonstra‘ed 
us applied to the story | betw 
_ the sixth and fifth floors (Fig. 7 


195 + 1.137 
.388 X 010 + 3.388 2.382 


Sum each side of center line’ ‘6. 364 


Total at one floor, 2 X 5.364 = 10.728 


% Transactions, Am. Soc. C. E., Vol. 105 (1940), Fig. 7, p. 1038; see also Fig. 10, p- 1043, which shows 
a possibility of obtaining comparative values for the flexibility and sway of a steel uilding frame. _ 


84 “Sixth Progress Report of Sub-Committee No. 31, Committee on Steel of the Structural Division, 
on Wind Bracing i in | Steel Buildings,” a Am. Soc. C. E., June, 1988, 
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N ovember, 1941 T oma LK ON K-PERCENTAGE METHOD 1781 
= 0.191; and 
0.728 728 {0.728 
0.087 + 0.191 = 0.278; — Ry 
> Reaction at column B: = Sz - =+ 1. 44 kips_ 


M, K,=8.010 90 Kips 


M=70x10'+ 
\'90x10'= 1 600 


Kip-Ft 


15.30+17.82=33.12 Kips 
Column Pressure 


Fia. 7.—COMPUTATION OF Srarssxs AT THE 


7 = columns between wala fifth ond sin sixth floors may be com- 


Ul 


. 2X 1.187 7X 5.195 
6.195 +2 XK 


X 5.195 _ 


5.195 + 3.388 

3.388 X 8.010 _ ag9 
8.010 + 3. 388 


um eac ‘sic e center line 


, 1583. 583 _ 2.050 
0.1 


= 90: x 0. 132 = = u. 98 K: and om - * = 90 (0. 170 + 0. 198) = 33, 12 


Table 4 shows the ree moments. obtained by th the foregoing analysis: 


4 

6th Floor K,=5.195 M; | 

h Floor a= 95.195 K,=8.010 | 


a 


ARATIVE MoMENTS IN A SYMMETRICAL THREE-BAay 
Method (Averages); W = Witmer Method; Gottschalk M¢ Method: 


Bj ee nel Difference Between G and C; and Dy, = Percentage Difference Between 


—— 


Grnpens 


91.00 


33. 4 | 36 36.4 3 


= 0 | 108.3 
‘187.6 } 181.7 | 187.5. 
261.3 | 254.3 | 262.5 

328.9 | 326.9 | 331.2 
| 399.6 | 404.3 

472.3 | 486.8. 
(544.9 | 5€1.0. 
17.6. 627.3 


6 
552.2 
884. a 


| 


in 
+ 


girders and columns respectively, compared with the average moments of the 
Cross method and the moments of the Witmer methods. 7 It will be seen that. 


writer’ are ¢ close to the of t the moments and 


~The lower part of. Fig. 7 shows the ‘column nn pressures and column 
7 produced by the 90 kips of wind pressure acting: at the sixth floor, and by the 
M =1 ,600 kip- ft of moment, quite distinct again from general, arbitrary 


Knowing the accumulated column. pressures, and their shortening or length-. 
ening in relation tot the nearest column, the correction is simple enough to 
determine by Eq. 6, , substituting for io the length L of the co connecting beam 
between columns. © Additional is important data obtained by the writer?’ are 

the section modulus and - “accumulated sway” in Fig. 6, which establish and 

define a a valuable criterion f for the flexibility ‘of d different column arrangements 

Altogether the merits of Professor Witmer’s paper and the K-percentage 
> a method cannot be questioned, especially in comparison with the results of the 
older” arbitrary methods; but a method, separate from the structure, is not 

is needed -if it is analyzed in the manner suggested herein. _ The three-bay, | 10- 

ear story bent is most convenient for training purposes | and demonstration; yet 

— results obtained w ith it do not apply t to the irregular bents encountered in ee 


practice, where exterior columns are less’ with 
members of the structure. 
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156 13.7 | 148 | -5 | +8 | 21.7 | 22.7 | 20.6 | <5 
ae ; 9 | 605 |- 54.7 | 59.2 —2 +8 | 79.5 | 906 | 82.1 | +4 10 
a 60.5 | 1112. +2 | | | -3 | | 
0.6 | 1004 | | 266.4 -5 | -2 
— 164.3 | 1641 | 1668 | +1 | +42 | 2810 | 2719 | 266 : 7 
a 2170 218.7 | 2224 | +2 | 42 | 368.7 | 3625 | 3552 | -4 | -2 
ae a 973. 273.4 | 2780 | +2 | +2 | 4535 | 4531 | 4440 | -2 | -2 
‘Bei | jes | 551.5 | 5438 | 547.2 | -1 | 41. 4 
3808 | o | —1 | 6497 | 6344 | 638.4 +1. 

1 448.8 3 | 43: —2 | 753.5 | 720.5 | 747. 2 

6 j 120.1 | 123.0 | 1188 a 
| 147.0 | 1504 | 1452 | 
166.5 | 177.7 | 1638 | 8 
2 | 228.4 | 232.4 | 222.7 
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Sen. Am. Soc. C.E. discussion is confined to Fig. 24 
| . and one of the author’s comments in connection with it. . The ranges of heads 


plotted for each model ¢ and the corresponding Tanges” feet) are 


approximately ai as follows: 
Model Model bane 
50 to 0.85 


0. 10 to 0.20 


ult may be that there was no seneitg for discharges ‘corresponding to heads 

lower than about 10 ft. If this was the case, the tests served their purpose but 
they do not justify the author’s statement (see heading ‘ ’) “that the 
discharge f for all models and probably als also for the prototy pe” can be expressed : 
ot by Eq. 5. This inference should be qualified a as to the range of head within 


which the formula i is. to The conformity betw een the models 


lower heads w ould be equally valuable interesting. 


Notre.—This paper by Paul Baumann, M. E., was in September, 1941, Pro- 


3 Hydr. Engr., | The Panama Canal, Heights, Canal 
Received by the Secretary October 3, 1941. 
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‘MEssrs. Howarp T. EVANS, WILLIAM AtTwoop, DONALD M. 
BURMISTER, WALLACE E. BELCHER, CLEMENT C. WILLIAMS, 


use and of the general he believes may b be 
interest i in n analyzing the under discussion. has also a 


whether or not the on which it is based correct 
- make it possible to estimate, by this means, the force required to make the 
ground fail and yield under the tip during driving. Were it ; possible to insert 

an accurate spring balance under the tip and read it at each blow of the driving - 
hammer, the general accuracy of the formula could be verified. In effect, this 

can be accomplished by regarding, the pile itself. as the spring balance, and 
4 measuring its elastic compression. 


The next question raised i in regard to to the formula i is | whether or or not the force 
... estimated or measured is the true ultimate bearing value of the pile. 
Conclusive proof or disproof of the answer to this question can only be obtained — 

by elaborate and expensive tests which it may never be practicable to make. 
it would be necessary to install and apply long-time load tests to groups of 


piles, from which all support: by side friction had been The o ‘ 


Ms = sh short-time load test is useless because the pile rec 


dr aie in Proceedings, as follows: September, 1941, b: Messrs. G. G. Greulich, C. O. Emerson and D. O. Northrup, 


82a Received by the Secretary September 15, 1941. | 715 


‘ «ie __ Nore.—This Report was published in May, 1941, Proceedings. Discussion on this paper has coe 
Harry J. Engel, and John D. Watson; and ctober, 1941, by Messrs. Robert D. - Chellis, Lazarus W fhite, — 
G. Mason, Carlton 8S. Proctor, George Paaswell, and Abraham Woolf. 

__ 8 Care of Supervisor of Shipbuilding, U. S. Navy, Bethlehem Steel Co. (Ghipbuilding Div.), ‘Terminal 


_ 2 “A Consideration of Pile Driving with Application ¢ of P Pile Loadin L oading Formula,” b ” by Robert D. Chellis. 
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its entire length, a considerable propor tion of which often comes from a stratum 
of silt or soft clay, and has only temporary value. — _ This temporary gripping» 
effect will gradually disappear under a load applied over a period of months or 
7 ‘years, and if it has been counted up upon for support, serious settlement n may - 
7 a _ This side friction from silt or soft 't wet clay is negligible during driving, 

where the downward motion is unceasing and steady under a steam hammer; 
the pile i is “‘seized’ ’ the moment the d driving stops. For the very common 
condition in which it is necessary to a soft layer and deliver a 
to a firm underlying stratum, it does not appear that any better guide to the | 
‘bearing value of a pile has yet been _ determined than the tip resistance under _ 
the last few blows of the hammer. It is certainly more valuable in this respect | 


than any practicable load test. 


3 An interesting © check on- the accuracy of the complete formula” as a 

measure of this tip resistance was afforded by a job, of which the \ writer had 

‘supervision. . At this site, 10-in.-H-42-Ib steel piles, 50 ft long, w were driven to 

rock with a sit single- -acting steam hammer hi having a ram of 7,500 ) 1b and a stroke 

of 42 in. = Ager iming 0.9 as the efficiency of the hammer, the energy input was — 

| | o- ,000 in- -lb. At twenty blows to the inch, the computed losses were: (Q) 


Impact loss : assuming ‘ “eoefficient of restitution” of 0. 32, 66,000 in- -lb; (2) loss | 
in compression of head and cap, 40, 000 in-lb; (3) loss in elastic compression of 
pile, 134,000 in-Ib; (4) loss i in ‘ ‘quake” of 10,000 in- Ib; and (5) loss in 
¢ through silt, negligible. these losses from the input, 


7 4 the energy remaining at the tip was computed as 20,000 in-lb. © ‘Dividing this 
value by 0.05 in. (which wa was the movement of the pile at each blow) the tip 


iff this was the true tip resistance, and Eq. 1 10 is correct, then RA =2 Cis 


= = 0. 57 in. In other words, according to | the computations, the pile should 


as 


shorten and rebound 0.67 in. at each blow 


effect was measured in the field, near the completion of the driving 
a pile, » by holding a piece of paper flat: against it near its head and tracing (by 
“means of a pencil guided by. a rigidly supported straight edge) the actual elastic >i 
at each bl blow. 1 are repre oduced from 
Penetration per Blow 


4 
tracing o of the original field sheets. The compression was found, co 
repeatedly, to be almost exactly § in. requires a little practices to make this 


field 1 measurement, but * can be done as many times as is necessary to obtain 


| 
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A further | check is necessary, however, before one is ‘justified j in accepting — 
the measurement of elastic compression as evidence of the presence of a force 


: of 400, 000 *1 ‘in the pile. The validity of using the deformation of a pile ; 
the state formula ( defor 


_ @ measure Pi the force by application of the static formula deformation - 


le: = *) has been a matter for considerable discussion, since the force. 


isa “sudden” | load and not a static one. _ According to one theory, the tem-_ 


porary deformation under a suddenly applied force should be double ‘the con- 
stant deformation under a static load. y If this were true, the actual tip Te- 


Another nated of analysis takes into the ofaw 


of compression along the length of the pile. All these complications are 


‘undoubtedly present to some degree. 


However, the evidence seems to indicate that, although ‘the simple static 
formula by no means represents exactly what takes place within the pile, it 
serves aS a means remarkably accurate, even though empirical, of computing 
the elastic co compression and the energy loss. In the case described herein, 
_ further verification of the true e tip resistance was obtainable by watching on | 
piles closely for 3 yielding of the metal. Ww ith a normal yield point of 33,000 > 


per sq in. , failure should begin at ‘approximately 12.35 X 33,000 = 407,550 lb. 


= 


— 


 Siecaliann driving any harder than twenty blows to the inch ; should produce a 


; 7 noticeable effect on the steel. Such was aay the « 


case, as was observed 


the driving was carried. to thirty to the inch, near 


heads of the piles usually became noticeable. One good pile been 
ba driven at tw enty-five blows to the inch was pulled, and slight “ ‘ripples’ were 
Zz found at two points, about midw ay of of the shaft, indicating ‘that t yielding had — 


_— the “complete” formula is solved for increasingly small penetrations, it 


= ill be found that the maximum m force, which « can be applied to these piles BY 
this hammer under the conditions assumed, is in the vicinity of 410,000 ses 


4 


=, the losses become so great that no more driving foree can be 


The slight yielding of the metal was not to the piles, since driving 


was stopped before a any buckling or serious: deformation occurred. . They yield 


aie _ just to the beginning ¢ of flow tends simply to raise e the yield point { for subsequent 
ions of force in the same direction. 


ion of ‘ollnacy: column formulas in their design. One pile struck 
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hammer ¢ could be be stonped, the steel shaft buckled and was In this. 

case there was no side support, and a dramatic example of column failure was _ 

afforded. _ Nothing like this occurred when the pile tips hit the solid Tock — 


about 45 ft to 50 ft below the su surface, even though the only lateral support 
ras that afforded by a stratum of soft silt. In two. or three instances, piles 


Be underground when their tips were deflected by boulders or irregularities 
near the surface. of the underlyi ing rock, but in such cases s they did not “fetch 7 
at all, and were definite failures. One of these was pulled and examined, 
*, and the battered tip and bent shaft were clear indications of what had happened. 
‘There hs have been a large number of other instances (both within the writer’ Ss 
direct experience , and as reported to him by engineers with whom he has been 
associated) in in which the measurement, of the elastic deformation « of the pile 
"checked almost ‘exactly the « computed deformation. | In no case of which the 


Ww riter is informed has there been aay great deviation from . . 


‘the writer. to be a new possibly useful of consists 
a plotting, i in advance of the driving, a separate curve for each type and — 
length « of pile and each kind of honemer used on a job. This curve shows the | 
to be expected the entire range of It also 


The z-values in Fig. 2 are shown in terms of and the 


in terms of the corresponding tip resistances, or ultimate bearing values. . Curve 


“Curve A, Steel Piles; 10" # H @ 42 Lb, 50! ion. . 
7 500-Lb Ram anda a 4an Stroke 


fo] 


. 


pe Curve B, Wood Piles 55! Long, 
§000-Lb Ram, 36" Stroke | 


Ultimate Bearing Value, in Kips 


Curve CG, Wood Piles Long, rr 
3000-Lb Ram, 293" Stroke 


Blows per In Inch of Pen of Penetration 


‘Prie-Drivine Na Curv! RVES ‘WITH Actinc Steam HAMMERS 


4 Ww vas used as a guide in the driving of the 10-in.-H-42-lb piles, 50 ft long, with 


a single- acting steam ag (%, 500-lb ram and a stroke of 42 in.), as described 
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- Points along such a curve can be plotted quickly and easily by assuming a 
series of ultimate bearing values and computing the corresponding 
——_Josses in each case. e. Deduct the result from the energy input; then divide the 
by the corresponding assumed ultimate bearing values, thereby 
taining) the corresponding in inches. For convenience ‘in field us use, 
convert these into’ “blows per inch,” or “blows per foot.” Data presented 
elsewhere” by I Mr. Chellis are useful, mit in fact necessary, in making these ~ 
computations. 
The method of ring the ultimate value and solving for the 
corresponding per blow eliminates the “‘cut-and-try”’ procedure 
Arr ~ required if the reverse process is followed, since the “tip resistance” enters into 
— the computation of all the “C” values in the general formula. — The traditional 
comes, , of cou course, from the fact that, in the field, ‘‘s”’ is observed and 
_ known, and “R” "is the value it is desired to find; but the solution of the formula 
‘is more easy and direct if it is taken the other way around. 
The curves plotted as ‘suggested herein will be found to be ‘especially 
= ‘interesting i in the way they show what may be expected if driving i is carried to” 


“Pexeers one case within the writer’s 8 experience, in driving 55-ft wood piles 


with a single-acting hammer (3,000-lb ram and 294-in. stroke), difficulty \ was 


- encountered in getting them well seated in the underlying solid stratum, the 


_ presence of which was shown by borings. The job superintendent felt sure 
“that, whereas thirty or forty blows to the inch might not be too severe on the 
bag: driving of one hundred to three hundred blows to the inch certainly was 


too hard and should not be tolerated under : any , circumstances. The curve 
‘ged aed ise, as it flattened out at about thirty blows to the inch, and 
indicated clearly that three hundred blows did not stress the 1e piles appreciably 
‘more than thirty. a ‘Such proved to be the case in actual practice, and | several - 


piles Ww driven hard in this manner until they at the desired 


ow was large e heavier was ‘available at first, but when 
a 5,000-lb single-action hammer (stroke 36 in.) was finally obtained, the piles _ 
penetrated to the desired level w ithout difficulty i in most cases. The curve for 
the latter hammer showe ed, how ever, that with it, driving to idee refusal | 


‘The curves es plotted for use on this job for the of are 
and on | Fig. 2. It is desirable. that a separate curve or set 
of curves be plotted for each job. No attempt should | be made to deve lop. - 
and u use a set of master graphs, as this might tend to discourage the study of “ 
the special conditions to each project. 4 
_ In conclusion, the writer protests against the development or use of any — 

-driving formula” 88 such. It is misleading and unsafe to seek a magic 
_ combination of terms, in a formula, that will fit any and all cases regardless, : 

and which is supposed to indicate just what load a pile will support. Evidence 

of this fact is the manner in which “practical” men, for years, 


the News” formula blindly a and have stated flatly that such 
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ae. of any | kind, this attitude will be encouraged. Instead, the engineer should 

: seek to promulgate the use of a “method of analysis,” to be handled by engi- 

“neers, the same as the design of a girder or truss, for example. To be sure, 

: there are many ny formulas used i in girder 2 and truss design, but there i is no one 


such a pile was good for exactly so many tons. As long as there is a formula 


how fixity he ‘assume at the supports, and computes 

the bending moments and shears. Then, taking into consideration | the charac- 

of the : material of which the girder is to be made, he computes the 

_ section required. He does not seek to have at hand a “complete formula” 

“into which he can feed all the elements of the ¢ design like nickels into a a gambling 
machine, and turn a crank expecting to “hit the jackpot.” He proceeds, 


aren, through a a series a? steps, each of which he may be sumed to under- 


a a careful study 0 of the | then | taking 
_ consideration, one by one, as: they occur, all such elements as the type of 
hammer, n material, size and length of pile, quake of the . ground, friction of the 
en and the like, using the appropriate formulas and coefficients fo for each. 


Thus will the | “complete formula” be applied, not as ‘a mystic an and ‘marvelous — 
-_ combination of terms, , but as a , series of steps in a logical method of f analysis. 
Only by such : an will « engineers be able to solve pile-driving problems 

G. Atwoon, = Am. Soc. C. E. E.*—Report A presents | several 
formulas of questionable value. It would seem that there are no formulas of — 
general or | even local value unless they are treated with good judgment and _ 
corroborated by many tests. If that is true, why try to use a formula? 
The w riter remembers a built under general direction near St. 
a ‘Nazaire, France, during Wo orld War I. The bottom was very soft, and the 
longest piles that could be. obtained were little longer than 100 
driven to cutoff with single- -acting steam hammers (5, 000- lb and 
36in, stroke) and averaged about 6 in. at the last blow. After the piles had 
set overnight, it t required long pounding to start them again. 
‘Under war ¢ emergency it w as necessary to take chances, and a safe wag 
: 300 Ib per sq ft was given. _ This amounted to about: (1 t tons per pile. im 
After the wharf had been in service under a load of 1,200 Ib: per st sq ft, parts | of. 
. ‘its settled about 2 ft and then stopped settling. 4 No known formula would buld have 
justified the original 300 lb per sq ft, to s say nothing ¢ of the 1 ,200 Ib per sq ft ft 
‘The writer also ne one a pile trestle on on the Alaska 1 Central Railway 
_ where 100- ft. piles were driven into glacial silt with a very large enters 
under 9 a light drop hammer. — This trestle carried trains safely, but no formula 


Another case with opposite results daira comes comes to mind, A of 
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were from 25 to 385 ft long, driven to refusal and, as the w riter remembers, 

. figured for about 15 tons loading g. This abutment settled 3 in. by the time 

the girders were placed and before there was any traffic over it. t. 

‘It would seem, with the knowledge now available, that the best the Com- 

mittee ¢ could do w would be ton make some very general statements as to the 

unsafeness of using formulas, and the 1 necessity for testing and the exercise of 

judgment. — Engineering n may | be an exact science, but this is a case in which 

there is no basis for being exact. 


‘Donato M. Assoc. ‘Soc. C. E. view of the 
eniiatione of f any pile- driving formula and of the uncertainties involved i in the 
Whig 
successful application to the installation of pile foundations in any given ‘situa- 
tion, it is believed 1 that Report B represents the better practice. a Once a formula 

has been printed, it takes ¢ on a more or less authoritative character, and the 
assumption on which it is based and the limitations in its use tend to be for- 
gotten or overlooked. «dt is believed that not enough is known, definitely, 
about the dynamics of pile driving : and the w way a pile develops its permanent 
bearing: capacity for different subsurface conditions to warrant the inclusion — 
of formulas in the Manual of Engineering Pr: at the present time. It , 
Seems” doubtful that any consistent relationship ¢ can exist t between them that 
will be of general application for different types ; of soil and for the extremely - 
varied subsurface conditions usually encountered in practice at a given site. - 

According | to the concepts of soil mechanics, bearing capacity must b 

determined i in relation to some maximum allowable safe settlement for a given — 
structure. The question may be asked: “Does the settlement of a pile orl 


the design static loading bear any relation to the ee" of the pile under 


“likely that | piles, into soils of varying will 
the: soil mass under a static loading in anything like the same manner that the 


driving ofa pile does under the of a hammer. seems quite 


that two piles driven to the same resistance (inches per blow) under the last 
few blows of a hammer will have quite different settlement characteristics, 
_ because of the following differences: (a) Total depth of penetration into’ the 
soil; (b) total energy (total number and distribution of blows) to drive the pile; 
and (c) the question of whether the resistance has been develo ped (Case 1) : 
- gradually and quite consistently along the length of the pile as it is driven; or 
(Case 2) rapidly only in a resistant stratum into which the point of the pile has 
ee These iemees are indicated by plotting the profile of the variation of the 
plows per foot to drive the pile and the profile of the total blows s. Experience 
seems to indicate, so far as the settlement of the pile with respect to the ‘soil 
in which it is embedded is concerned (not due to presence of deeper compressible 


material below the pile points), that the group effect is likely to ” considerably 


34 Asst. Prof., Civ. Eng., Columbia Univ., New York, N. 
Received by the Secretary September 29, 1941. 
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nn more important for Case 1, Ww where the bearing ¢ capacity is developed primarily 
_ by frictional resistance dua the ‘embedded length of the pile, and may be 
~ consider ably less important for Case 2, where the bearing capacity is developed 

_ primarily by point resistance. 7 In the first case, the settlement of the group 
may be ten to twenty times, or even more, than that of a single test pile under 
the same static load per pile; in the second case it may be e only of the order of 
- five e times as great. This depends on on the w ay the pile load is transmitted to 
- the soil and on the capacity of the soil to take stress—that i ‘is, its stress- strain 
properties. Preliminary, model studies of pile foundations for idealized ‘con- 
ditions have revealed some interesting facts on this phase ¢ of the subject.® - 


These aspects of the — must be considered | for each given case. 


for design and q With ience and the 
| _ of suitable factors based on loading tests and on these other factors, almost any 


formula can be used as a“ ‘yardstick to help the en engineer secure reasonably safe — 


and uniform results over the entire 


bond teste for a total net settlement not exceeding 0.01 in. 
for each ton of applied load . The | Report would be of greater value if the 
advocates of the two sections had seen fit to unite on all such items which they . 
could agree upon, before making separate statements of points on which h general 


The attempt to introduce a new formula (Report A) is of very doubtful 
4 value as it is based on the same fundamental data that invalidate the “Engi- 


neering News” ’ formula, ee it contains an unknown quantity ho which is very 


4 Iti is the opinion of the writer t that additional emphasis should ars eure on 
ther redriving of piles after a rest period to be taken in connectior 


in any case; it: Ww would be comparatively easy y to ‘make a1 a redriv ing test 
on a larger number of piles including one pile of each group. Ree ae 

‘The “Engineering News” for mula can give results that are either too high 
or too low. 4 *F or instance, in | soils such as quicksand and silt, a temporary 
_resistance is offered that at may decrease suddenly within a short t time a as the 
material adjusts itself, particularly in the | presence of ground water. Piles 


driven on the shore of the Hudson River in New York showed 1 in. of sanaine- 


+, 


35 “Model Studies of Pile Foundations,” by M M. K. Khalifa, Bulletin No. 7, Civ. Eng. | Research Labora- 
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Wattace E. Bexcuer,* M. Am. Soc. C. E.**—The Report is particularly 
4 | gratifying in that neither Report A nor Report B places any reliance on the - 7% 
|  “Kngineering News’ formula for determining the safe sustaining power of piles 
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tration pe per such Ww ill be on sic 

apparent s safe loads that could d disappear overnight. 

On the other hand, ‘most soils show an increase of sustaining p power by “_ 

friction as the ground sets against and around the pile. _ The presence of cle ay 

facilitates driving, acting as a lubricant while the p pile i is in motion and tighten- 


“a up after it begins to rest. W hen the formula was first developed, driving | 


was done exelusiv ely by the drop hammer method with a sensible uae 4 of i 
a: between blows. The pile had a short rest period between blows and the formula 
had greater usefulness. — Now, with steam hammers being used almost ex- 
os -clusively, the piles and the geennd are in practically | continuous agitation and 
‘ the dynamic formula fails to indicate the full value. Engineers have driven 


many feet of unnecessary piling under such conditions to meet a formula which 
-ismot applicable, 
from records in northern New York are of interest (see Table 12), 


showing the great var iation of safe bearing power, according to the — 


TABLE 12.—V ARIATION OF SarFe Loap AS Compurep 


| 


ate under load Date during load 


in. Dec. 18 6 blows, 0.25 in. | 


35 Dec. 18 | 4 blows, 0.25in.| 43 
in.e a Jan. 31¢ | 22 blows, 1 ft 
O 0.1 Jan. 21 | 17 blows, 2.00in. | 


7 blows, 1 in. 


B2 0. 86 i in.4 
is « Immediately after changing core, when driving was resumed, it required 15 blows to start the pile 
_ moving (formula load, 150 tons). ® Driven normally to a depth of 39 ft, this pile then sank 12 ft under 
one blow. Two hours later 15 blows were required to start it moving again (formula load, 150 tons). 
_¢ Five hours later, 7 blows were required to start this pile moving (formula load, 150 tons). | “@ After 1 kr. 
_ 4 blows were required for a penetration of 1 in. (formula load, 43 tons), then it required 7 blows for the ; 


between time of driving 2 and after a rest period. The ground was wet blue clay 
and fine sand and clay. - The ee used were preete taper piles driven with a 
_ single-acting hammer - having a 5, 000- lb ram and a stroke of 36 in., sinking 
initially 15 ft to 20 ft under the weight of the hammer ‘alone. 
.. * static load test was made for reference, December 18 to December 2 26, on | 
a — apile driven December 11. = The , pile sank | 26 ft under the w weight of the hammer 
; yay and thi then required 11 115 blows to drive it toa depth of 40.25 ft with a penetration 
under the last blow of 0.86 in. (formula safe load, 16 tons). The 
—_— a settlement ¢ of 0. 009 ft at 30 tons and 0.03 ft at 60 tons which increased _ 
to 0.04 ft when pile driving was begun on adjacent footings. _ Therefore, “the 
pile was entirely acceptable for a working load of 30 tons. te ee 
The foregoing examples are given to illustrate the fact that penetration 


% ider the blows of a hammer ‘during ned is not a reliable measure of load- 
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WILLIAMS ON PILE FORMULAS 
sustaining power. An extreme example would be that of a pile jetted i wae 7 
ot 98 sand where no blows whatever are » required and yet, after a rest period, 
a 1e sustaining power of a substantial pile might be limited only by the strength 
the pile material, 
‘Fora a practical procedure the writer suggests that load tests be made on a — 
few piles: for control reference and that redriving tests be “made i in sufficient 


number to assure the of conditions or to discover possible’ variations.” 


CLE MENT C. 38 M. Am. Soc. C. E.—The Committee is to be 
commended for ‘their: orderly statements. of the general significance of pile- 
driving formulas and for their cs autions telative to tl their use. _ They ‘might well 
have stated some of the obvious general characteristics, or axioms, of pile 
foundations which would aid in the of bearing capacity 


‘derived | from. such formulas, such’ as: 


The elements involved; namely, the soils, t the piles, and the driving 
are so variable that precision in the estimates cannot be expected. ~ Any pile 
formula based on | principles: of dynamics of driving involves assumptions of — 
elasticity and impact that a are known to be only approximately true at best. — 


A formula havit ing complicated “refinements i is not with the nature 


The plethora of elaborated literature on “soil mechanics” seems to have 


misled some engineers. into the belief that soil i is an engineering ‘material with 
a well defined “mechanics” analogous to hydraulics for water and metallurgy 
for steel, following mathematical relationships of elasticity y and f friction. i. This 
science is nearer an ‘ “ology” that it is an “‘ies,” ‘and only as it makes possible a 


more precise designation « of soils with definite properties does it apply to pile 
(2) The beari ing of piles can in be estimated only by inference and should not 
be considered as adequately determined by an any one formula. By a comparison 
of results from dynamics formulas and statics formulas, and by test piles, — 
assigning relative weights to the methods i in accordance with the completeness 
of the information in process, a reliable e value « can be obtained. For 
example, if little is actually known w 


piles, formulas from statics: are of little hile if ‘the inforn ma- = 


tion is complete, much Ww weight n might properly be attached tos statics formulas. 


Identie: al soils y will yield identical behavior. 


may to it, either by the or 
through the soil surrounding the piles. Sufficient explorations should be con- — 
to determine the nature at this stratum. 


See “Soil and by Fred L. Plummer ond Stanley M. Dore, Pitman Pub- 
ishing Corp., New York and Chicago, 1940, Chapter 14. 


%Pres., Lehigh Univ., Bethlehem, Pa. 
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in considering dynamics formulas, attention should be called to the neces- 
sity of adzing the top of the pile to sound wood before making the impact 7 
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_ which calculations are to be based. A large proportion of the energy of the 
: driving hammer 1 may be dissipated in heat if the head of the pile is entirely 

-broomed and this loss. of energy tends to vitiate any dynamics formula. F or 
4 example, in one instance a br od pile sank about a third as much under 2 


blow as it did after being adzed. 
small penetrations, as in ‘sand, the deformation of | the pile itself should 
q be added to ha 8, rve the theory of the formula. If this 
is not done, the results for a penetration of } in. may be as much as 50% too 
“large. ' This principle has been confirmed observations, 
_ The Hiley formula follows dynamics theory more closely than does the 
“Engineering News’ ’ formula, but unless definite i information is at hand for 
_ the various factors, it may be less trustworthy than a a formula with the factors 
generalized. Although the “Engineering News’ formula i is little n than 
empiric, the large amount of observed data accumulated around it renders it 
a useful rough index of pile capacity. — 7 However, ‘its s application must be stand- a 
ola to obtain reliable results a show uld be checked — other estimates. _ 
a4 


pry compression at ‘the pile point t and i in n shear by skin friction at ‘the sides 
are normally of such magnitude that these two jsomareees s of resistance are oper- 
ative simultaneously and are therefore additive. — Where the > pile : rests on rock 
or other rigid stratum, the pile acts as a column supported along th the ; sides 
within the lateral resistance of the soil. ~The reliability. of this formula de- 
pends on the completeness of the knowledge > relative to the soils in contact 


with the pile. . & through borings, that information is ‘complete, this formula 


‘The fact that theories of conjugate stresses ap) applicable toa 


with ‘the depth and hence. to justify jettisoning all statics ‘and the: 
= 3 Committee might well have explored the relationships: which affect the relia- 


is preferable. It is too concise , however, and probably its practical 
application will be difficult for an with the bibliography 
the subject. . Besides amplification, “some small changes, perhaps, are 

necessary. For instance, at the end of Paragraph B-1 the w ster would make ~ 
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‘the following addition: “and, in some occasions, possible non-unif 


distribution between individual piles.” 


Mathematics in Report A.—tThere is too mathematies i in Report: 


An engineer must have an excellent knowledge of mathematics, v which is one i 
_ his “tools”; but in all cases, without any exception, mathematical results must 


checked against sound based on experience which 


one 


tom the bulk of the denominator s+ k, if penetration per is small; 

hence, in this case the value of k controls the. value of the dynamic resistance. 7 
Therefore, tl the values of k should be determined with great care. __ an 

In Paragraph A-8 the value of k is defined as one half of the rebound of the 

hammer. | equals the sum of + Cs, neither of these values depending 

on the w eight of the hammer. It follows that the value of the rebound of the 

ure is assumed to be independent of the weight of the hammer. Rs 


hs 
a urthermore, a question that arises in n examining the Hiley formula i is the 
f 


ollowing: Is. “a value of the dyna namic Tesistance, Ra § as furnished by this 
formula, a constant f for a given pile? In other words, does the dynamic re- 
im, Ra, depend o on the _ properties of the hammer, particularly y on its 
weight? | Personally, the writer is not so sure that the value of Ra does not 
depend o on the weight of the i in the following computa- 


curves 


00 40 | 


Starts Here 3 500 600 700 


Resistance 


.  Thet total final length of these piles is is about 114 ft; but, in driving them m through 

water, a follower about 48 ft long and Ww weighing about tons Ww: was used. =. 

oi ‘Pile I was driven with a single- -acting steam hammer (weight of ram 7,500 Ib 
a 394 -in. . stroke). To drive pile II another single- -acting ‘steam | hammer 


i | 
AS 1795 
orm pressure 
&g 
of pile driving, 

| 

tt). 
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‘as used (w eight of ram 5,000 lb and a 36-in. stroke). Piles I and II were 
about 5 ft from n center to to center So that the soil ¢ conditions w ere practically 
same for the two. ) piles. The behavior piles driven subsequently in the 


Vieinity of of piles I and II justified 
TABLE 13.—AVERAGE VALUES assumption. Pile II was 


OF 81 AND 8 driven several days after pile I. 4 
a Both of them passed through 
Blows| s: |Blows| | sistance. Approximate 2 soil con- 


3 |Organicsilt] 16 |2.25| 62 |0.58 
6 |Finesand | 51 |1.41| 134 |0.54| 
5 |Finesand | 51 | 1.18) 127 |0.47 
3 Coarsesand| 49 |0.73| 130 0.28 


oie $1 and 82 represent average penetration in inches per 
blow. Half the rebound 2k,ininches.s 


ft away, are show! m Fig. 
part of the driven depth 

‘eles has been subdivided 
four layers, one of which 


(1.38 "3 ditions, as revealed by a boring 


corresponds to silt, two to fine 
eye and one to coarse sand. Average penetrations s: and s2 of piles I and 
respectively, are to be found in Table 13 (compare also Fig. 3): 
The symbols, and Ez» (used | hereafter for. energy furnished the two 
hammers), correspond to the values of e W has in the Hiley formula. Compute 


of the values of ————— for the two cases and call these abstract: numbers « * 


respectiv ely. Then, » applying Eq. 4: : _ 


— 
Rly = 
ys. 45 the sy symbols R’a and R’’g represent the values ak f the dynamic | Te 
sistance for pile I and pile II, respective ely. Let x The case x = =1 


i! 


and as, 


= & ef 


ao oF 


means that the the driving resistance i is independent of the weight of the hammer. : 
Tf it does depend on the weight of the hammer, the of x w ould be b 


sumably greater than unity; thus, using Eqs. 45: 


co 


= 
atk. 


rid = 


1e value of the ratio —> E 


1 t= 1 in Eq. values of for different lay ers have been 
computed as shown in Table 13. A simple e analysis of Eq. 46b shows that 
_ these values are lower limits of the value k. _ They correspond to the case in 
2 which the driving resistance does not depend o on the value 0 of the hammer. = 


eS wise, the values of k would be even n greater than those in Table 13. 
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Fig. 3 was prepared on on the basis of some pile- driving ng records of the Con- 
necticut State Highway Department. It is given in this discussion with» a 


ee: ofold purpose: (a) To suggest that, in addition to the direct field measure- ——_ 


‘ments a as advised in Paragraph B-10 of the Report, there may be other, perhaps _ 
‘more direct, field methods of estimating the value of k; and (b) to show how © 
considerable the value of k (computed using the ‘Hiley formule) may be inthe | 
case of long, heav y H- piles, which practically are not discussed ir in the Report. 
Rebound of the Ham» mer.—For the case of a rather indeformable hammer — 
and a rather deformable pile the value of of 2 k practically depends on the elastic wend 
deformations of the pile only, as Report. A rightly states. When a heavy 
hammer strikes an 1 equally heavy pile, and both of them are elastically de 
formed, elastic forces may act et differently. The writer would like to know 
deGnitely w hether or not the value 
of k may depend on the ‘properties | 
of the hammer. Another question 
that arises from simple visual in- 
spection of both Fig. 3 and Table 
131 is. whether the value of k depends 
1 a Length and Weight of the Pile. 
Cael the case shown in Fig. 
4, heavy pile penetrated a stra- 
tum of soft material to level A and 
afterward Ww ‘as driven with a hammer 7 
to level B. What is the length L to |. 
be into Eqs. 10 and 11— 
the driven length Li; the length 
from thee earth surface La; or perhaps 
the full length Ls? sa same ques- 
tion arises as to the w weight Pofthe -. 
pile,and to the weight c of the follow 
be clarified in n the “Manual,” if un- A 
fortunately 1 the Hiley formula is re re- 
commended for the general use. ‘The weiter sincerely hopes, how ever, that 
Battered Piles —It would to give to the profession at least a 
“few rules concerning the driving of both battered piles and vertical piles loaded 


ve 


Local Use of Empirical Formulas. —The writer would not say that the 
“Engineering News s” formula, or some 0 other empirical rule, is entirely 
cable. Ith may y happen that an engineer working for many years in a locality — 
under + given -_ conditions has elaborated his own formula or or has noticed that , 
in his case the “Engineering News” formula applies. Such ar an engineer should 
not be discouraged f from using | his Tules, « on the condition, however, that he BS . 
jini such use to the given locality. As ¢ an analogy, the case of forecasting 


weather may be quoted. — Local residents 


ISI 


‘sometimes forecast weather 
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ON PILE FORMULAS 


man” ’ does. Nobody, show eve er, would ‘say to these people: | “Stop forecasting 

weather because your method is not scientific. a On the contrary, persons | 

depending « on weather ‘talk for this information, and every engineer who has 


from the signs known to them than the “we ther. 


Ww ina country knows it. 


are European, mostly to and, in some cases, to 
single- acting steam hammers. Information on the drop hammer is still 


portant, perhaps; but, in addition, it desirable to give some data on 


It w be advisable to ady: antage of enormous 

on pile driving which may be obtained throughout t the United ‘States, and 

which probably has been obtained already by the Committee. practical 
7 ‘ examples would contribute to the ‘success of the proposed Manual. a - 
Reinforced Earth—In some cases as, for instance, in locks or under. bridge 
piers, piles may form a whole with the earth mass. _ Perhaps simplified methods | 


of analysis could be applied in such cases. ‘This idea was advanced by the 


Conelusion —The prospect o of having a Manual of Engineering Practice 


‘Pile Foundations is very attractive, This Manual, “as the writer believes, es, 

should b be based on Report Be How ever, the > text sh should be tangible ¢ and should 
give genuine information to the practicing engineer, and not: mere declarations. _ 
Otherwise it is possible that from the two reports, A and B, the practicing | 
engineer will choose the former, which, though objectionable, gives him some 


data to be used immediately in ‘his every day work ork 
: a Correction: In Eq. 12, change the “minus” sign to ‘ ‘plus” ; and, on page 859, — 


line 5, change ‘ “Boulogne siirmer” to “Boulogne- -sur- Mee” 


# 
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